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Abstract 

This study describes the chiton fauna (Mollusca, Polyplacophora) from deposits of the Oligocene to Mio- 
cene marine sequences of the Aquitaine Basin (southwestern France) and of the late Miocene of the Li- 
gerian Basin (western France). This second and final part of the work describes the chitons belonging to 
four families (Lepidochitonidae, Tonicellidae, Acanthochitonidae and Cryptoplacidae) and makes additions 
to the first part regarding two species pertaining to the family Ischnochitonidae. We identified 23 species 
in this second part, not considering Ischnochiton korytnicensis, already reported in the first part and of 
which the stratigraphic distribution is extended to the Oligocene (Rupelian), 10 of which were already 
known, one is assigned at generic level (Acanthochitona sp.), and 12 are described as new: Stenosemus 
radiatus n. sp., Lepidochitona tessellata n. sp., L. tarbelliana n. sp., L. charlesi n. sp., L. vancuycki n. sp., 
L. larratensis n. sp., L. chalossensis n. sp., Tonicella nuda n. sp., T. adunca n. sp., Pseudoacanthochitona 
marsanensis n. sp., Craspedochiton lozoueti n. sp. and C. fontlevensis n. sp. The three species described 
by de Rochebrune (1882) from Gaas (Lepidopleurus daubrei, Tonicia waltebledi and T. gaasensis) are con- 
sidered nomina dubia. Lepidochitona leognanensis n. comb. was transferred from the original genus 
Chiton. Stenoplax monila Cherns & Schwabe, 2019 is considered a junior synonym of Lepidochitona oli- 
gocaena. The subgenus Pseudoacanthochiton (Sulc, 1934) is herein elevated to genus level. Acanthochites 
dulignoni de Rochebrune, 1882 is considered a nomen dubium. A complete discussion on the chiton 
fauna from the Aquitaine and Ligerian Basins described in both parts is given. The chiton material consists 
in total of 5,357 valves belonging to 42 species, 26 of which are already known, 15 have been described 
as new (6 in the first part and 9 herein), and 1 classified at genus level only. The stratigraphic distribution 
of Ischnochiton korytnicensis, Lepidochitona canariensis, Acanthochitona crinita and Cryptoplax margitae 
is extended. 


Key words 
Mollusca, Polyplacophora, Systematics, Oligocene, Miocene, France, Aquitaine Basin, Ligerian Basin. 


Riassunto 

Viene descritta la fauna a chitoni (Mollusca, Polyplacophora) presente nei depositi marini dall’Oligocene al 
Miocene del bacino Aquitaniano (Francia sudoccidentale) e dal Miocene superiore del bacino Ligeriano 
(Francia occidentale). Questa seconda e ultima parte descrive i chitoni appartenenti a quattro famiglie 
(Lepidochitonidae, Tonicellidae, Acanthochitonidae e Cryptoplacidae) ed aggiunge alcune informazioni re- 
lativamente a due specie della famiglia Ischnochitonidae, discussa nella prima parte del lavoro. Sono state 
identificate 23 specie in questa seconda parte, non considerando /schnochiton korytnicensis, già discusso 
nella prima parte e di cui viene estesa la distribuzione stratigrafica all'Oligocene (Rupeliano). Dieci di que- 
ste specie erano già conosciute, una è determinata soltanto a livello generico (Acanthochitona sp.) e 12 
sono descritte come nuove: Stenosemus radiatus n. sp., Lepidochitona tessellata n. sp., L. tarbelliana n. 
sp., L. charlesi n. sp., L. vancuycki n. sp., L. larratensis n. sp., L. chalossensis n. sp., Tonicella nuda n. sp., 
T. adunca n. sp., Pseudoacanthochitona marsanensis n. sp., Craspedochiton lozoueti n. sp. e C. fontleven- 
sis n. sp. Le tre specie descritte da de Rochebrune (1882) per Gaas (Lepidopleurus daubrei, Tonicia walte- 
bledi e T. gaasensis) sono considerate nomina dubia. Lepidochitona leognanensis n. comb. è stato trasfe- 
rito dal genere Chiton. Stenoplax monila Cherns & Schwabe, 2019 è considerato sinonimo juniore di Le- 
pidochitona oligocaena. Il sottogenere Pseudoacanthochiton (Sulc, 1934) viene elevato a livello di genere. 
Acanthochites dulignoni de Rochebrune, 1882 è considerato un nomen dubium. La discussione finale 
comprende l'intera fauna di chitoni dei bacini Aquitaniano e Ligeriano riportata in entrambe le parti del 
lavoro. Il materiale rinvenuto è rappresentato da 5.357 piastre appartenenti a 42 specie, di cui 26 già 
conosciute, 15 descritte come nuove (6 nella prima parte e 9 in questa seconda parte) e 1 determinata 
unicamente a livello generico. Viene estesa la distribuzione stratigrafica di Ischnochiton korytnicensis, Le- 
pidochitona canariensis, Acanthochitona crinita e Cryptoplax margitae. 


Parole chiave 
Mollusca, Polyplacophora, Sistematica, Oligocene, Miocene, Francia, bacino Aquitaniano, bacino Lige- 
riano. 
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Introduction 


The present work is the second and final part of a study 
on the chiton fauna (Mollusca, Polyplacophora) from 
deposits of the Oligocene to Miocene marine sequences 
of the Aquitaine Basin, southwestern France, and the 
Ligerian Basin, western France, and follows the pub- 
lished part 1 describing the families: Leptochitonidae, 
Hanleyidae, Ischnochitonidae, Chitonidae, Spinochito- 
nidae and Schizochitonidae (Dell'Angelo et al., 2018a). 
A correction to this work was also published, due to the 
need to redefine Spinochitonidae n. fam. and Spinochi- 
ton n. gen. to meet the requirements of the Article 8.5 of 
ICZN for electronic publications (Dell'Angelo et al., 
2019b). In this second part we include an addition to 
part 1 [regarding the extension of the stratigraphic dis- 
tribution of Ischnochiton korytnicensis Batuk, 1971 to the 
middle Oligocene (Rupelian) and the description of a 
new species pertaining to the genus Stenosemus von 
Middendorff, 1847] and treat the species belonging to 
the families Lepidochitonidae, Tonicellidae, Acantho- 
chitonidae and Cryptoplacidae. 

The material considered in this work regarding the Li- 
gerian Basin comes from the single outcrop of Moulin 
Pochas (late Miocene stage not yet well determined, 
Messinian?). Recently Dell’Angelo et al. (2018b) pub- 
lished a survey of the chiton fauna from the late Mio- 
cene Tortonian deposits of northwest France, previous- 
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ly known as the “Redonian”, particularly from the “As- 
semblage I” of Van Dingenen et al. (2015), which in- 
cludes four localities belonging to the same basin as 
Moulin Pochas (Amberre near Mirebeau), but located 
further north: La Presseliere (Sceaux-d’Anjou), Le 
Grand Chauvereau (Saint-Clément-de-la-Place), Renau- 
leau and Beugnon (Doué-en-Anjou). This chiton fauna 
has been considered in the comparisons made with 
Miocene chiton assemblages from Europe. 


Material and Methods 


The present study is based on a large number of chiton 
valves from many localities of Oligocene (Rupelian) to 
Miocene (Serravallian) age in the Aquitaine Basin, and 
from a single site of late Miocene age in the Ligerian 
Basin. 


The material was collected mainly by two of the authors 
(J.-F. Lesport and A. Cluzaud) from the 1980s to today, 
by means of field sampling with the collection of isolat- 
ed valves and large amounts of bulk sediment, includ- 
ing material from outcrops that are no longer accessible. 
Additional specimens were provided by other collect- 
ors (Didier Aucoin, France; Philippe Renard, France; 
Jacques van Cuyck, France; Birgitte and Eivind Palm, 
Denmark; Guy Varone, France). Additional material 
housed at the Muséum d’Histoire naturelle de Bor- 


Fig. 1. A. Study area and sites location of the 
Aquitaine Basin (1: Espibos, Lagouarde, Larrat; 
2: Ruisseau de l'église; 3: Mineur; 4: Abesse, 
Estoti; 5: Mainot; 6: Moulin d’Augey; 7: Ninon; 
8: Lariey; 9: Pouquet; 10: Carriére Vives; 11: Le 
Thil; 12: Coupe du fossé prés de La Solitude; 
13: Petit Bargues; 14: Lorient; 15: Cabanes; 
16: Cachac; 17: Gamachot; 18: Les Auguil- 
lieres; 19: la Flotte; 20: Maureilhan; 21: Pe- 
loua; 22: Lahitet; 23: Bordepouy; 24: carriére 
Gélis; 25: Pouyouet; 26: la Guirande; 27: Car- 
ré; 28: Le Paren; 30: Pont-Saint-Martin). 


Fig. 1. A. Area di studio e ubicazione dei siti 
“at del bacino Aquitaniano. 


deaux (France) and at the Natural History Museum 
Wien (Austria) was examined. The bulk samples were 
washed in sieves (diameter 0.5, 1.0, 2.0 mm), and the 
material retained in the 1.0 mm and 2.0 mm fractions 
were then examined for chiton valves using a stereomi- 
croscope. Morphological features and diagnostic char- 
acters of some of the chiton specimens were studied 
and imaged by scanning electron microscope (SEM). 
The digital images were obtained using a Motic SMZ- 
140 microscope with the software Motic Images Plus. 
Type material of new species is deposited in public in- 
stitutions, the remaining material is housed in private 
collections, some of which will later be deposited in 
public institutions. 

The maximum width of the valves (head, intermediate, 
and tail) of each species is given, with notes also if the 
valves are incomplete, or are only small fragments. 
Where the number of the valves for a species is small (< 
10), we give the maximum width of the valves for each 
locality. 


The following abbreviations are used: 


AC Alain Cluzaud collection, Pessac, France. 

BD Bruno Dell’Angelo collection, Genova, Italy 
(will be housed in MZB). 

DA Didier Aucoin collection, Signy-Signets, 
France. 

HNHM Hungarian Natural History Museum, Buda- 
pest, Hungary. 


JFL Jean-Francois collection, Sainte 
Hélène, France. 
JVC Jacques van Cuyck collection, Lege-Cap-Fer- 


ret, France. 


Lesport 


MGR Museo di Geologia, Roma, Italy. 

MHNBx Muséum d'Histoire naturelle de Bordeaux, 
France. 

MNHN Muséum National d'Histoire Naturelle, Paris, 
France. 

MZB Museo di Zoologia dell'Università di Bologna, 
Italy. 


Fig. 1. B. Study area and site location of 
the Ligerian Basin (29: Moulin Pochas). 


Fig. 1. B. Area di studio e ubicazione del 
siti del bacino Ligeriano. 


NHMW Natural History Museum Wien, Austria. 

PR Philippe Renard collection, Beauzelle, France. 

ZMHU Zoologisches Museum an der Humboldt Uni- 
versitát, Berlin, Germany. 


Overview of outcrops in the Aquitaine and Ligerian Ba- 
sins 


All the chiton valves were collected in 30 localities (Figs 
1. A, B), described exhaustively in part 1 by historical 
data and stratigraphy, supported by important litera- 
ture references (Dell'Angelo et al., 2018a). For ease of 
reference, the 30 localities are reported in Tab. 1. A new 
locality (n° 30, Léognan, Pont-Saint-Martin) is added in 
this second part, and the data are reported below. 


Pont-Saint-Martin (Léognan) 


The Pont-Saint-Martin site is located near the Thiba- 
udeau historical site at Léognan, Gironde department. 
It is originally the surname of the family Thibaudeau 
living near downtown Léognan, south of the church. In 
the nineteenth century, the land of the property were 
cultivated and vineyards grew on Burdigalian faluns. 
Following Linder (1870), the site was visited several 
times for example by Benoist (1882a), Dutertre (1920) 
and was also cited in stratigraphic studies by Fallot 
(1889, 1895), Degrange-Touzin (1896, 1899), Malves- 
in-Favre (1939), in malacological studies by Benoist 
(1880, 1882a, 1888), Cossmann & Peyrot (1909-1924), Vi- 
gnal (1911), Cossmann (1912), Peyrot (1925-1935), or 
other zoological group by Priem (1914), Steurbaut 
(1984). A dating was made by Cahuzac et al. (1997), 
they obtained 20.6 Ma, close to the base of Burdigalian. 
Some authors have more recently mentioned this site 
disappeared under urbanization, as Batuk (1997), Stein- 
er & Kabat (2001), Cahuzac & Poignant (2005), Cahuzac 
& Janssen (2010), Carriol et al. (2011), Dell’Angelo et al. 
(2018). 

Cahuzac et al. (2004) observed and described Burdiga- 
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site n° 


Parleboscq (Landes) la Guirande 
Sallespisse (Pyrénées-Atlantiques) |Carré 
Orthez (Pyrénées-Atlantiques) Le Paren 


1 
0 
1 
2 
3 
4 
5 
6 
4 
8 
9 
0 
È 
2 
3 
= 
5 
6 
7 
8 
9 


7 
1 
1 
1 
1 
1 
1 
1 
i 
1 
il 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 


30 =| Léognan (Gironde) 


Tab. 1. Localities (AQ = Aquitanian Basin; LIG = Ligerian Basin). 


Tab. 1. Localita (AQ = Bacino Aquitaniano; LIG = Bacino Ligeriano). 


lian levels on the banks of l’Eau Blanche River, which are 
located not far from the Thibaudeau historic site, a few 
decades from the pedestrian bridge over the river, near 
of the Chateau Pont-Saint-Martin. With regard to this 
property, a section was made on the left bank of l’Eau 
Blanche by two of us (JFL and AC) where we could ob- 
serve different levels and complete the previous section. 
The malacofauna observed is very close to those of Thi- 
baudeau listed by the ancient authors [eg. Degran- 
ge-Touzin, 1896]. 

The base of the section consists of a low indurated bio- 
clastic marine sand called in the literature molasse os- 
sifere. It is these sands that were exploited in various 
sectors of the town of Léognan from the 18th to the be- 
ginning of the 20th century for the construction of real 
estate structures. A few dozen meters from Pont-Saint- 
Martin existed quarries named carrières du Menou at the 
visited Mayer’s time, now completely backfilled. In the 
ruins of the last Brisson mill adjoining the site of Pont- 
Saint-Martin can be seen the building stones still in 
place from the quarries. They consist of a bluish-gray to 
beige sand, soft indurated, containing some Scutellidae 
and scrap of shells. It is in these levels, in the property 
of les dames Fourés of the early nineteenth that Grate- 
loup (1840) described the remains of marine vertebrates. 


Léognan/Martillac (Gironde) Le Thil 


Meilhan (Landes) 
Martillac (Gironde) Coupe du fossé près de La Solitude 


Cabanac-et-Villagrains (Gironde) 
Noaillan (Gironde) 
Noaillan (Gironde) 


Bazas (Gironde) 


Saint-Paul-lés-Dax (Landes) 
Saucats (Gironde) 
Saint-Martin-de-Hinx (Landes) 
Saint-Martin-de-Hinx (Landes) 
Le Houga (Gers) 


Manciet (Gers) 
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This molasse outcrops in the bed of l'Eau Blanche stream 
over several hundred meters and stratigraphically 
translates the passage between the Aquitanian and the 
Burdigalian at Léognan. On this substrate several vari- 
ous faluns were deposited successively recounting the 
different eustatic episodes of the early Burdigalian. The 
one about Pont-Saint-Martin is transgressive. At the 
base, this falun reworked another older Burdigalian fa- 
lun and produced cavities, blocks and protusions in the 
molasse ossifère. It served as a substrate for the seabed of 
this “rocky” paleo-environment very close to the coast- 
line, probably in the sub-littoral zone. The molluscs are 
yellowish, not very transported, producing accumula- 
tions of about twenty centimeters mainly in the little 
pools dug in the molasse. They are mixed with pebbles 
and other oxidized, reddish molluscs that are less well 
preserved. A variable thickness of 50 centimeters of fine 
yellowish shell sand in its thickest, bedded, inhabited 
by many species of bivalves cover the accumulations. 
Then a fossiliferous silt with little macrofauna of equiva- 
lent thickness covers the lower levels, followed by a 
matrix of whitish sand, a falun of about twenty centi- 
meters, whose biomass consists mainly of Operculina com- 
planata Defrance, 1824 finishes the marine series at this 
place. Graves (rolled pebbles, post Miocene overburden) 


and fluvial sands of variable thickness were deposited 
at the top of the section. All these different strata are of 
variable thickness, including graves which has some- 
times deepened the faluns. The only specimen of chiton 
was found in the accumulations at the base of the sec- 
tion, in the little pools dug in the molasse. 


Systematics 


We follow the classification proposed by Sirenko (2006), 
except for the genus Lepidochitona Gray, 1821, attributed 
to the family Lepidochitonidae Iredale, 1914 following 
WoRMS Editorial Board (2018). Since many of the chi- 
ton species were already exhaustively described from 
other Mediterranean Neogene sites (e.g. Laghi, 1977; 
Dell’Angelo et al., 1999, 2004, 2012, 2013, 2015a, 2016, 
2018a, 2018b; Garilli et al., 2005), only short synonymy 
related to fossil taxa, some comments and stratigraphic 


ranges are given below. The geographic range and habi- 
tat of still living species were described by Kaas & Van 
Belle (1985, 1988), Dell’Angelo & Smriglio (1999) and 
Kaas et al. (2006). 


ADDITIONS TO PART 1 


Order Chitonida Thiele, 1909 
Suborder Chitonina Thiele, 1909 
Superfamily Chitonoidea Rafinesque, 1815 
Family Ischnochitonidae Dall, 1889 
Genus Ischnochiton Gray, 1847 


Ischnochiton korytnicensis Batuk, 1971 
(Fig. 2) 


1971 Ischnochiton korytnicensis Batuk, p. 458, pl. 3, figs 1-4. 


Fig. 2. A-L. Ischnochiton korytnicensis Batuk, 1971, Gaas (Larrat), France, Aquitaine Basin, Oligocene (Rupelian). A-C. Head valve (UCV), width 3.6 
mm, dorsal, ventral and lateral views. D-F. Intermediate valve (JCV), width 4.4 mm, dorsal, ventral and frontal views. G-I. Tail valve UCV), width 4.9 
mm, dorsal, ventral and lateral views. J, L. Tail valve (JCV), coalescence, width 4 mm, dorsal, ventral and lateral views. 


Fig. 2. A-L. Ischnochiton korytnicensis Batuk, 1971, Gaas (Larrat), Francia, Bacino Aquitaniano, Oligocene (Rupeliano). A-C. Piastra anteriore (JCV), 
larghezza 3,6 mm, viste dorsale, ventrale e laterale. D-F. Piastra intermedia (ICV), larghezza 4,4 mm, viste dorsale, ventrale e frontale. G-I. Piastra 


posteriore (JCV), larghezza 4,9 mm, viste dorsale, ventrale e laterale. J, L. Piastra posteriore (JCV), coalescenza, larghezza 4 mm, viste dorsale, ventrale 


e laterale. 
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Additions to the bibliography in Dell’Angelo et al. (2015a: 
234): 

2015a Ischnochiton korytnicensis Batuk - Dell’Angelo et al., p. 
234, pl. 5, figs 1-9. 

2018a Ischnochiton korytnicensis Batuk - Dell’Angelo et al., p. 
237 1188. 9FL- 


Type material: holotype in Batuk’s collection, reg. No. 
BkK-A15, an intermediate valve illustrated in Batuk 
OFS ple 3, tie. 2) 


Type locality: Korytnica, 24 km SSW of Kielce 
(50°39’49”N, 20°31’41”E), southern slopes of the Holy 
Cross Mts. (Poland). 


Type stage 


Middle Miocene, Langhian/Serravalian (Badenian). 


Material examined 


Oligocene (Rupelian): Gaas (Rupelian levels): 4 valves 
(1 intermediate and 3 tail) (BD); Gaas (Espibos): 28 
valves (6 intermediate and 22 tail) (AC, DA, PR); Gaas 
(Lagouarde): 2 intermediate valves (AC); Gaas (Larrat): 
35 valves (2 head, 18 intermediate and 15 tail, Fig. 2. 
A-L) (AC, DA, JCV). Maximum width: 3.6 / 6.8 / 4.9 
mm. 


Remarks 


This species has been already reported from the early 
Miocene of the Aquitaine Basin in the first part of this 
work (Dell’Angelo et al., 2018a). The new material exam- 
ined from Gaas agrees with the attribution to Ischnochi- 
ton korytnicensis and permit to extend its stratigraphic 
distribution to the middle Oligocene (Rupelian). 

A tail valve shows coalescence of the last two plates into 
one plate vii-viii (Fig. 2. J-L). The coalescence in fossil 
valves is rarely described, Dell’Angelo & Forli (1995) 
figured two intermediate valves of Chiton saeniensis 
Laghi, 1984 from the Pliocene of Serre di Rapolano (Sie- 
na, Italy). 


Distribution 


Middle Oligocene: northeastern Atlantic (Rupelian): 
Aquitaine Basin, France (this paper). Early Miocene: 
northeastern Atlantic (Burdigalian): Aquitaine Basin, 
France (Dell’Angelo et al., 2018a). Middle Miocene: Pa- 
ratethys (Langhian-Serravallian): Poland (Batuk, 1984; 
Macioszczyk, 1988). Late Miocene: Proto-Mediterrane- 
an Sea (Tortonian and Messinian) (Laghi, 1977; Dell’An- 
gelo et al., 1999, 2015a). Pliocene: central Mediter- 
ranean, Italy: Liguria (Dell’Angelo et al., 2013). 


Genus Stenosemus von Middendorff, 1847 


Stenosemus radiatus n. sp. 
(Fig. 3) 


Type material: holotype: MZB 50568, intermediate 
valve, width 5.4 mm (Fig. 3. D-G), from Meilhan. Para- 
type: MHNBx 2020.6.1, intermediate valve, width 5.4 
mm (Fig. 3. H), from Saint-Jean-de-Marsacq (Lahitet). 


Type locality: Meilhan. 


Type stage 


Miocene (Burdigalian). 


Etymology 


In relation with the valves which have a great number 
of slit rays. 


Other material 


Miocene (Burdigalian): Meilhan: 5 valves (2 head, 
maximum width 4.5 mm, Fig. 3. A-C, and 3 intermedi- 
ate, maximum width 5.4 mm) (BD); Meilhan (Carriere 
Vives 2): 2 valves (1 intermediate, width 5.2 mm, and 1 
tail, width 4.5 mm, Fig. 3. I-L) (AC). 


Description 


Head valve semicircular, posterior margin widely 


V-shaped, slope almost straight. Intermediate valves 
rectangular, more than three times as wide as long, 
L/W = 0.26-0.3 (0.3 in the holotype, 0.26 in the para- 
type), semicarinate in anterior profile, moderately ele- 
vated (H/W = 0.4), anterior margin almost straight or 
slightly sinuose, side margins fairly straight, posterior 
margin almost straight at both sides of a not very prom- 
inent apex, lateral areas scarcely differentiated. Tail 
valve semielliptical, anterior margin convex, mucro in 
anterior position, antemucronal slope slightly convex, 
postmucronal slope concave. 

Tegmentum entirely covered by granules arranged ran- 
domly without a real order, small and roundish in cen- 
tral area of intermediate valves and antemucronal area 
of tail valve, large and rhomboidal in head valve, lateral 
areas of intermediate valves and postmucronal area of 
tail valve, some granules tending to coalesce towards 
the side margins in lateral areas, giving the impression 
of forming a rough surface. 

Articulamentum with large apophyses, slit rays numer- 
ous (more than 30 in head and tail valves, 4-5 in inter- 
mediate valves) and well evident in all valves, eaves 


spongy. 


Remarks 


In spite of the scarcity and incompleteness of the mater- 
ial, the characters are well defined, and warrant the 
description of a new species. The articulamentum dis- 
plays numerous slit rays, and consequently an equal 
number of incisions on the insertion lamina should be 
expected; because of the worn condition of the valves 
these slits are not evident, only someone scarcely visible 


Fig. 3. A-L. Stenosemus radiatus n. sp., Miocene (Burdigalian). A-C. Meilhan (Vives quarries), France, Aquitaine Basin, head valve (BD), width 4.3 mm, 
dorsal, ventral and lateral views. D-G. Meilhan (Vives quarries), France, Aquitaine Basin, holotype, MZB 50568, intermediate valve, width 5.4 mm, 
dorsal, ventral and frontal views and close-up of ventral view. H. Saint-Jean-de-Marsacq (Lahitet), France, Aquitaine Basin, paratype, MHNBx 2020.6.1, 
intermediate valve (PR), width 5.4 mm, dorsal view. I-L. Meilhan (Carrière Vives 2), tail valve (AC), width 4.5 mm, dorsal, ventral and lateral views and 
close-up of insertion teeth at the posterior margin. 


Fig. 3. A-L. Stenosemus radiatus n. sp., Miocene (Burdigaliano). A-C. Meilhan (Vives quarries), Francia, Bacino Aquitaniano, piastra anteriore (BD), 
larghezza 4,3 mm, viste dorsale, ventrale e laterale. D-G. Meilhan (Vives quarries), Francia, Bacino Aquitaniano, olotipo, MZB 50568, piastra interme- 
dia, larghezza 5,4 mm, viste dorsale, ventrale e frontale e dettaglio della vista ventrale. H. Saint-Jean-de-Marsacq (Lahitet), Francia, Bacino Aquitania- 
no, paratipo, MHNBx 2020.6.1, piastra intermedia (PR), larghezza 5,4 mm, vista dorsale. I-L. Meilhan (Carrière Vives 2), piastra posteriore (AC), 
larghezza 4,5 mm, viste dorsale, ventrale e laterale e dettaglio dei denti di inserzione nel margine posteriore. 


in the single tail valve (Fig. 3. L), however we have 
counted more than 38 slit rays in the figured head valve 
(Fig. 3. B) and more than 33 in the other head valves 
(more incomplete), 4-5 in the intermediate valves (Fig. 
3. G), and 31 in the tail valve (Fig. 3. J). 


Due to the scarce and worn material the generic attribu- 
tion of this species is difficult. In spite of this, the spe- 
cies here described has two unusual characteristics, i.e., 
the intermediate valves being more than three times as 
wide as long, and the presence of a great number of 
slits in the insertion laminae. To our knowledge, only 
very few species have been described with a great num- 
ber of slits (apart for the genus Callochiton), e.g. the liv- 
ing Stenosemus chiversi Ferreira, 1981 from the NE Pa- 
cific, with a slit formula 28 / 3-4 / 25, Chiton multicavus 
Bielokrys, 1999 from the Eocene of Ukraine, with a slit 
formula 20-40 / 4-5 / 18-28, and Ischnochiton? sp. B 
from the latest Eocene or earliest Oligocene of Washing- 


ton with 6-7 slits in intermediate valves (Ferreira, 1981; 
Bielokrys, 1999; Dell'Angelo et al., 2011). 

Many extant species with a tegmentum entirely covered 
by granules arranged randomly are attributed to the 
genera Ischnochiton Gray, 1847, Stenosemus von Midden- 
dorff, 1847 or Lepidochitona Gray, 1821, mainly on the 
basis of the soft parts (e.g. the dorsal girdle covered 
with conical scales in Stenosemus, with imbricating, gen- 
erally striated scales in Ischnochiton, with non-imbricat- 
ing calcareous corpuscules in Lepidochitona). All these 
characters are obviously absent in fossil plates. We at- 
tribute the studied material to the genus Stenosemus, 
following Ferreira (1981) who considered the great 
number of slits in the insertion laminae as a character 
typical for this genus [Ferreira, 1981: 327 “variability in 
the number of slits in the intermediate valves, and very nu- 
merous slits (25+) in the end valves” |]. The genus Steno- 
semus is the most widely distributed genus of the order 
Chitonida, with 24 living species (Sirenko, 2016, 2017). 
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In contrast, fossil representatives of this genus are 
known only from the Neogene of Italy (Dell Angelo et 
al., 2015a) and France (described herein). 

Stenosemus radiatus n. sp. differs from the other species 
of Stenosemus known from the Aquitaine Basin [S. dolii 
(Van Belle & Dell’Angelo, 1998), described in the first 
part of this work] and from the Pleistocene of Italy and 
living in the Mediterranean Sea and Atlantic Ocean [S. 
vanbellei (Kaas, 1985)] by the tegmentum sculpture (not 
granulose in S. dolii and S. vanbellei), the shape of the 
intermediate valves and the higher number of slits. 


Distribution 


Early Miocene: northeastern Atlantic (Burdigalian): 
Aquitaine Basin, France (this paper). 


PART 2 


Order Chitonida Thiele, 1909 
Suborder Acanthochitonina Bergenhayn, 1930 
Superfamily Mopalioidea Dall, 1889 
Family Lepidochitonidae Iredale, 1914 
Genus Lepidochitona Gray, 1821 


Type species: Chiton marginatus Pennant, 1777 (= Chiton 
cinereus Linnaeus, 1767), by monotypy. 


Distribution 


The genus is known from the Paleocene to the Recent. It 
occurs in five different areas: the Black and Mediter- 
ranean seas and the north-east Atlantic Ocean from Mo- 
rocco to north Norway, the Red Sea and north Arabian 
Sea, off South Africa, the Caribbean Sea and adjacent 
waters of the Atlantic Ocean, eastern part of the Pacific 
Ocean from Peru to Alaska Bay (Kaas & Van Belle, 1985; 
Sirenko et al., 2013). The genus is known as fossil from 
the Eocene of France, U.K. and Hungary (Dell’Angelo 
et al., 2011, 2015b, Dulai et al., 2017), the latest Eocene 
or earliest Oligocene of Washington, U.S.A. (Dell’Ange- 
lo et al., 2011), the Oligocene of Germany, U.S.A. (Was- 
hington) and Canada (Janssen, 1978; Dell’Angelo et al., 
2011) and the Miocene-Pleistocene of Europe and the 
Mediterranean Basin (Garilli et al., 2005; Studencka & 
Dulai, 2010; Dell’Angelo et al., 2013, 2016). 


Remarks 


In the fossil record, the genus Lepidochitona is largely 
represented in the Paleogene and Neogene of Europe. 
Comparison of these fossil species is usually hampered 
by the poor or incomplete descriptions for many nomin- 
al taxa included in this genus. Particularly, SEM-docu- 
mentation of the ornamentation is often lacking, origin- 
al descriptions are usually presented in general terms 
and often repository of the type-material is unknown. 
In the studied material there are two lots of valves of 


Lepidochitona, the first from the Oligocene of Gaas, 
which includes a large number of valves, equal to 89.1% 
of the studied material, the second from the Miocene of 
the Aquitanian and Ligerian Basins, represented by 
only 10 valves. The specific identification of the material 
from Gaas is quite complicated and requires some pre- 
liminary observation on the Lepidochitona species known 
from this site. 

Six species of chitons were described from the Oligo- 
cene (Rupelian) of Gaas, three by Rolle, 1862 (Chiton ol- 
igocaenus, Chiton reussi and Chiton modestus) and three 
by de Rochebrune, 1882 (Tonicia gaasensis, Tonicia walte- 
bledi and Lepidopleurus daubret), of which the first report 
is in a short list of species sent by Benoist to de Roche- 
brune (Benoist, 1882a). 

The syntypes of the species described by Rolle were re- 
cently revised by Dell’Angelo et al. (2019a). The original 
description given by Rolle is adequate and the charac- 
ters were highlighted with SEM imaging. Two of these 
species has been attributed to the genus Lepidochitona 
(L. oligocaena and L. reussi) and the third to the genus 
Tonicella (T. modesta) (Dell’Angelo et al., 2018b). 


A - the type material of the Benoist 
collection studied by de Rochebrune 


The presumed type material of the species described by 


de Rochebrune (1882) is preserved at MHNBx in the Be- 
noist collection, and we have the possibility to check 
this material thanks to the courtesy of Mrs Nathalie 
Mémoire (Curator) and Laurent Charles, who made a 
large series of photographs and made them available 
for the study. 

This type material include three lots in the Benoist col- 
lection at MHNBx with 12 spécimens, labeled: 
Lepidopleurus daubrei, Fig. 4. A, B (6 valves, MHNBx 
2014.24.32.1, MHNBx 2014.24.32.2, MHNBx 2014.14.32.3, 
MHNBx 2014.23.4, MHNBx 2014.23.5, MHNBx 
2014.14.23.6); 

Tonicia waltebledi, Fig. 4. C, D (2 valves, MHNBx 
2014.14.21.1, MHNBx 2014.14.21.2); 

Tonicia gaasensis, Fig. 4. E, F (4 valves, MHNBx 2014.23.1, 
MHNBx = 2014.23.2, MHNBx 2014.23.3, MHNBx 
2014.14.22). 


All the labels indicate a provenance of Gaas (Landes, 
S-O France) and the specimens presents in the tubes are 
identical in conservations, colors and sizes to the speci- 
mens recently collected in this site. The observation of 
all these valves led us to submit them to the diagnoses 
and drawings of each species of de Rochebrune work. 
Unfortunately the original description and figures pub- 
lished by de Rochebrune (1882) are succinct to charac- 
terize these three species. Nevertheless, some terms 
used by de Rochebrune and his drawings are enough 
precise and do not correspond to any of the valves 
preserved in the MHNBx, no valve match to one of 
the three de Rochebrune’ species. 

In the tube labeled Lepidopleurus daubrei (Fig. 4. A, B), 3 


Fig. 4. Original vial and label of the species described by de Rochebrune (1882) from Gaas, France, Aquitaine Basin, Oligocene (Rupelian), preserved 
at MHNBx in the Benoist collection. A, B. Lepidopleurus daubrei de Rochebrune, 1882. C, D. Tonicia wattebledi de Rochebrune, 1882. E, F. Tonicia 
gaasensis de Rochebrune, 1882. 


Fig. 4. Tubetto ed etichetta originali delle specie descritte da de Rochebrune (1882) da Gaas, Francia, Bacino Aquitaniano, Oligocene (Rupeliano), 
conservate al MHNBx nella collezione Benoist. A, B. Lepidopleurus daubrei de Rochebrune, 1882. C, D. Tonicia wattebledi de Rochebrune, 1882. E, 


F. Tonicia gaasensis de Rochebrune, 1882. 


valves (MHNBx 2014.24.32.1 - 2014.14.32.3) are suffi- 
ciently well preserved to bring them closer to the spe- 
cies Lepidochitona oligocaena (Rolle, 1862), a species de- 
scribed about twenty years before. Two other identifi- 
able specimens (MHNBx 2014.14.23.4, MHNBx 
2014.14.23.5) do not match to any of the previously 
known species, we describe them below as two new 
species. One valve is so poorly preserved that it can't be 
assigned to a genus or identified species. In the tube 
labeled Tonicia gaasensis (Fig. 4. E, F), 3 specimens be- 
long to a new species and the last specimen will be de- 
scribed below as new too. Finally, in the tube labeled 


MHNBx 2014.14.21.1 | Lepidochitona larratensis n. sp. 
MHNBx 2014.14.21.2 | Lepidochitona larratensis n. sp. 


Appena) TO NO 
MHNBx 2014.14.23.4 


MHNBx 2014.14.23.6 | not identifiable 


Tab. 2. Tubes content from the Benoist collection, Gaas, France, Aqui- 
taine Basin, Oligocene (Rupelian), material preserved in the Benoist col- 
lection at MHNBx. 


Tab. 2. Contenuto dei tubetti della collezione Benoist, Gaas, Francia, 
Bacino di Aquitania, Oligocene (Rupeliano), materiale depositato nella 
collezione Benoist al MHNBx. 


Tonicia waltebledi (Fig. 4. C, D), two specimens are iden- 
tified as new species as well. 

As a result, specimens from the Benoist collection labeled 
with the three de Rochebrune taxa are excluded from 
the type series of waltebledi, gaasensis and daubrei. We 
have no clue to locate the de Rochebrune and Wattebled 
collection and we declare temporarily the species watte- 
bledi, gaasensis and daubrei nomina dubia. 


Lepidopleurus daubrei de Rochebrune, 1882 
(Figs 4. A, B [excluded content], 5) 


1882 Lepidopleurus Daubrei Rochebrune, p. 56, pl. 1, fig. 9. 

1882a Lepidopleurus Daubrei Rochebrune - Benoist, p. xxix. 

1884 Lepidopleurus Daubrei Rochbr. - Benoist, p. 58. 

1884 Lepidopleurus Daubrei Rochebrune - Du Boucher, p. 167. 

1888 Lepidopleurus Daubrei Rochebrune - von Koenen, p. 349. 

? 1966 Lepidopleurus daubrei Rochebrune - Vergneau, p. 357, pl. 
7; ties £9. 

1981 Lepidopleurus daubrei De Rochebrune - Van Belle, p. 33 
(genus inquirendum). 

1989 Lepidopleurus daubrei de Rochebrune - Dell’Angelo & 
Palazzi, p. 89. 

2011 Lepidopleurus daubrei de Rochebrune - Dell’Angelo et al., 
p. 954 (genus inquirendum). 

2019a Lepidopleurus daubrei de Rochebrune - Dell’Angelo et al., 
p. 310. 

Non Lepidopleurus daubrei (non de Rochebrune) - Varone, 2008, 
p. 156, figs 1-7 [= Lepidochitona oligocaena (Rolle, 1862)]. 


Type material: not found. 
Type locality: Mérignac, Gironde, France. 


Type stage 


Early Miocene. 
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Material examined 


Oligocene (Rupelian): Gaas: six intermediate valves 
are present in the lot in the Benoist collection deposited 
at MHNBx (MHNBx 2014.14.32.1 to 2014.14.32.3, MHN- 
Bx 2014.14.23.4 to 2014.14.23.6), labeled Lepidopleurus 
daubrei (Fig. 4. A, B). 


Remarks 


In his work, de Rochebrune reported the locality of Lep- 
idopleurus daubrei as Merignac, near Bordeaux. How- 
ever, Benoist (1882a: p. xxix) wrote that the three species 
sent to de Rochebrune (Tonicia gaasensis, T. waltebledi 
and Lepidopleurus daubrei) were from Gaas, and also the 
label of the lot in the Benoist collection (Fig. 4. A, B) 
report Gaas. 

The description and figure given by de Rochebrune 
(Fig. 5) do not match with the syntypes deposited at 
MHNBx. de Rochebrune (1882: 56) described an inter- 
mediate and a tail valve with the diagnosis: “Testa 
?.valvis intermediis elongatis, paululum arcuatis; areis cen- 
tralibus et valvae posticae parte postica, lineolatis, concen- 
trice undulatis areis lateralibus, et valvae posticae parte anti- 
ca, lineolis simillimis sed cathetis ornatis”, followed by a 
description in French: “Valves médianes allongées, faible- 
ment arquées; atres centrales ornées de tres fines stries 
concentriques ondulées, aires latérales, portant des stries 
semblables se joignant à angle droit avec les précédentes; 


valve postérieure ovale obtusément mucronée, 4 mucron 


subcentral, a partie antérieure couverte des mémes stries on- 
dulées; partie inférieure, a stries concentriques; bord libre, 
lisse et étroit”. 


Fig. 5. Original figure of Lepidopleurus daubrei de Rochebrune, 1882 
(pl. 1, Tig.. 9). 


Fig. 5. Figura originale di Lepidopleurus daubrei de Rochebrune, 1882 
(tav. 1, fig. 9). 


The tail valve described by de Rochebrune is not pre- 
served in the material deposited at MHNBx as Lepido- 
pleurus daubrei. The single tail valve preserved in the 


material of the Benoist collection at MHNBx is the valve 
MHNBx 2014.14.32.3 as Lepidochitona oligocaena (see be- 
low). 

The sculpture described by de Rochebrune (“central 
areas with very fine wavy concentric striae, lateral areas with 
similar striae joining at right angles to previous ones”) does 
not agree with the sculpture of the six valves preserved 
in the daubrei’ tube at MHNBx, with the tegmentum en- 
tirely covered by irregularly arranged roundish gran- 
ules. 

We exclude from the series type the six valves present 
in the tube of the collection Benoist, none of the valves 
are conform to the diagnosis and/or the drawing of the 
publication of de Rochebrune (1882, n° 39, p. 56, pl. 1, 
fig. 9). We consider Lepidopleurus daubrei de Rochebrune, 
1882 as a nomen dubium because the type material is not 
found. 


Tonicia wattebledi de Rochebrune, 1882 
(Figs 4. C, D [excluded contenti, 6) 


1882 Tonicia Waltebledi Rochebrune, p. 55, pl. 3, fig. 2. 

1882a Tonicia Wattebledi Rochebrune - Benoist, p. xxix. 

1884 Tonicia Wattebledi Rochbr. - Benoist, p. 58. 

1884 Tonicia Wattebledi, Rochebrune - Du Boucher, p. 167. 

1888 Tonicia Wattebledi de Rochebrune - von Koenen, p. 349. 

? 1966 Tonicia wattebledi Rochebrune - Vergneau, p. 357, pl. 7, 
me 21: 

1981 Tonicia waltebledi De Rochebrune - Van Belle, p. 80 (genus 
inquirendum). 

2011 Tonicia waltebledi de Rochebrune - Dell’Angelo et al., p. 
953 | 

2019a Tonicia waltebledi de Rochebrune - Dell' Angelo et al., p. 
310. 


Type material: not found 


Type locality: Gaas, France. 


Type stage 


Oligocene, Rupelian. 


Material examined 


Oligocene (Rupelian): Gaas: two intermediate valves 
(MHNBx 2014.14.21.1 and MHNBx 2014.14.21.2) are 
present in the lot in the Benoist collection (MHNBx 
2014.14.21.0) deposited at MHNBx, labeled Tonicia 
walt... on the tube (Fig. 4. C) and Tonicia wattebledi on 
the label (Fig. 4. D) in Benoist material. 


Remarks 


The diagnosis given by de Rochebrune (1882: 55) is: 
“Testa?... Valvis intermediis arcuatis, angulatis, intense um- 
bonatis; areis centralibus lineis sulcisque concentricis alter- 
nantibus, ornatis; areis lateralibus multicostatis, costis di- 
stantibus”, followed by a description in French: “Valves 
médianes anguleuses, arquées, fortement mucronées à mu- 
cron aigu; aires centrales ornées de lignes concentriques de 


volume variable et alternant entre elles; aires latérales, cou- 
vertes de cótes peu saillantes et écartées”. 


Fig. 6. Original figure of Tonicia waltebledi de Rochebrune, 1882 (pl. 3, 
fig. 2). 


Fig. 6. Figura originale di Tonicia waltebledi de Rochebrune, 1882 (tav. 
A 


The description and figure of de Rochebrune (Fig. 6) do 
not match with the specimens deposited at MHNBx. 
The de Rochebrune’s figure shows large and well sep- 
arated granules arranged in longitudinal series con- 
verging towards the outer margin in the central area, in 
radial series in the lateral areas (or could be interpreted 
as concentric series of granules as reported in the ori- 
ginal description). The valves are poorly preserved and 
the sculpture hardly visible. Nevertheless, the shape of 
the valves and the pronounced apex is close to the ori- 
ginal description. The sculpture described by de Roche- 
brune (“central areas with very fine wavy concentric striae, 
lateral areas with similar striae joining at right angles to pre- 
vious ones”) does not correlate with any of the other spe- 
cies from Gaas described in preceding work (Part 1, 
Dell’Angelo et al., 2018a), nor the specimens in the wal- 
tebledi’ tube. 

We exclude from the series type, the two valves present 
in the tube of the Benoist collection, none of the valves 
are conform to the diagnosis and/or the drawing of the 
publication of de Rochebrune (1882, n° 36, p. 55, pl. 3, 
fig. 2). We consider Tonicia wattebledi de Rochebrune, 
1882 as a nomen dubium because the type material is not 
found. 

The waltebledi species was based on the material of the 
Benoist or/and Wattebled collections. Gustave Watte- 
bled (+1887), career soldier (eg second lieutenant 7th 
hussars at Bordeaux in 1875 then lieutenant 16th chas- 
seurs at Auxonne in 1884), was also a geologist, malaco- 
logist and naturalist. He discovered many fossiliferous 
deposits in Aquitaine and was in contact with Benoist. 
De Rochebrune misrepresented the surname Wattebled 
and thus repeatedly written Waltebled or waltebledi in 
his text (p. 17, 55, 64, 1882). This taxon should be used 
because no reference to the article in ICZN 32.5.1 is ap- 
plicable. But the incorrect subsequent spelling of Be- 
noist (1882a), Du Boucher (1885) and von Koenen (1888) 
attributed to the publication containing the original 
spelling is in predominant use. The spelling and subse- 
quent attribution must be maintained and the subse- 
quent spelling is deemed be the correct original spelling 
ICZN 33.0.1. 


Tonicia gaasensis de Rochebrune, 1882 
(Figs 4. E, F [excluded content], 7) 


1882 Tonicia Gaasensis Benoist M.S., de Rochebrune, p. 55, pl. 
2, HET. 

1882a Tonicia Gaasensis Benoist, p. xxix. (nomen nudum) 

1884 Tonicia Gaasensis Ben. - Benoist, p. 58. 

1884 Tonicia Gaasensis Benoist - Du Boucher, p. 167. 

1888 Tonicia Gaasensis de Rochebrune - von Koenen, p. 349. 


? 1966 Tonicia gaasensis Rochebrune - Vergneau, p. 357, pl. 7, 


fig. 20. 

1981 Tonicia gaasensis (Benoist MS) De Rochebrune - Van Belle, 
p. 38 (genus inquirendum). | 
2011 Tonicia gaasensis (Benoist MS) de Rochebrune - Dell’An- 

gelo et al., p. 953. 
2019a Tonicia gaasensis de Rochebrune - Dell’Angelo et al., p. 
310. | 
Non Tonicia gaasensis (non de Rochebrune) - Varone, 2008, p. 
156, figs 8-12 (valves not identifiable). 


Type material: not found. 


Type locality: Gaas, France. 


Type stage 


Oligocene, Rupelian. 


Material examined 


Oligocene (Rupelian): Gaas: four intermediate valves 
(MHNBx 2014.14.22, MHNBx 2014.14.23.1, MHNBx 
2014.14.23.2, MHNBx 2014.14.23.3) are present in the lot 
in the Benoist collection deposited at MHNBx, labeled 
Tonicia gaasensis (Fig. 4. E, F). 


Remarks 


The original description given by de Rochebrune (1882: 
55) is: “Testa ?.valva antica radiatim squamata; valvis inter- 
mediis intense arcuatis umbonatis, umbone elevato acuto; 
areis centralibus radiatim squamulatis; areis lateralibus squa- 
mosis, cesticulo turgido, elongato, antice definitis”, followed 
by a description in French: “Valve antérieure couverte de 
squames rayonnantes, diminuant, de grosseur d'avant en ar- 


Fig. 7. Original figure of Tonicia gaasensis de Rochebrune, 1882 (pl. 2, 
fig. 7). 


Fig. 7. Figura originale di Tonicia gaasensis de Rochebrune, 1882 (tav. 2, 
fig: 2) 


9)3U8Jy UJ3ISIM ‘ulseg uelabi] pue “adueJy unalsaMINOS “urseg aulemby ay} jo (esoydode|dAjod :e9SN|IOJA)) SUOVNYI AUIOINN 0} SUDOBIO 3YL 


11 


OSSOS OIZIINE/A 9 pnezn|> ule}. ‘uodsa] sio3ue4y-ueaf ‘ojabuy,|jaq OuNsg 


i 


riére, valves médianes tres arquées a mucron droit et aigu; 
aires centrales ornées de squames rayonnantes ainsi que les 
aires latérales, celles-ci limitées en avant par un bourrelet 
étroit et saillant”. 

The head valve described by de Rochebrune (but not 
figured) is not preserved in the type material deposited 
at MHNBx. 

As in the previous species, the description and figure of 
de Rochebrune (Fig. 7) do not match with the four 
specimens deposited at MHNBx. 

The de Rochebrune's figure shows oval granules ar- 
ranged in curved series radiating from the apex, both in 
central and lateral areas. The valves are poorly pre- 
served and the sculpture hardly visible. Nevertheless, 
the shape of the valve (except for the anterior margin) 
and the more pronounced apex match better to the ori- 
ginal description. The sculpture described by de Roche- 
brune (“aires centrales ornées de squames rayonnantes ainsi 
que les aires latérales, celles-ci limitées en avant par un bour- 
relet étroit et saillan”) does not correspond to that of any 
of the other species from Gaas described in the pre- 
ceding work (Part 1, Dell’Angelo et al., 2018a), nor the 
specimens in the gaasensis’ tube. 

We exclude from the series type, the four valves present 
in the tube of the Benoist collection, none of the valves 
are conform to the diagnosis and/or the drawing of the 
publication of de Rochebrune (1882, n° 39, p. 56, pl. 1, 
fig. 9). We consider Tonicia gaasensis de Rochebrune, 
1882 as a nomen dubium because the type material is not 
found. 


B - the species of Lepidochitona from the 
Oligocene (Rupelian) of Gaas 


As we discussed above, the syntypes of the species de- 
scribed by de Rochebrune are not yet located, and the 
type material is not know. Several specimens are pres- 
ent in the Benoist collection (MHNBx) but none of them 
match with the de Rochebrune species (daubrei, watteble- 
di, gaasensis). In view of de Rochebrune” figures and 
succinct diagnoses, it is impossible for us to attribute a 
generic identification for its three species. Moreover, 
after studying the valves present in the three tubes of 
the three species preserved at MHNBx in the Benoist 
collection, we attribute them all to the genus Lepidochitona. 
Vergneau (1966) report three chiton species from Gaas 
in his monograph: “Lepidopleurus daubrei” (pl. 7, fig. 19), 
“Tonicia gaasensis” (pl. 7, fig. 20) and “Tonicia wattebledi” 
(pl. 7, fig. 21). Three intermediate valves are figured, 
two in dorsal view (pl. 7, figs 19, 21) and one in frontal 
view (pl. 7, fig. 20). The identification is difficult with- 
out being able to check the material, and can only be 
considered as tentative. The Vergneau material is maybe 
in the Université Bordeaux 1 but not yet located. 

Varone (2008) also report some chiton species from 
Gaas, figured as Lepidopleurus daubrei (figs 1-7), Tonicia 
gaasensis (figs 8-12), Chiton sp. 1 (figs 13-14) and Chiton 
sp. 2 (figs 15-16). We consider the valves figured as 
“Lepidopleurus daubrei” to represent Lepidochitona oli- 


gocaena, and the valves figured as “Chiton sp. 1” to 
represent Lepidochitona reussi (see below). The valves 
attributed to Tonicia gaasensis (figs 8-12) cannot be iden- 
tified even tentatively by examining the figure alone. 
The valves figured as “Chiton sp. 2” represent Spinochi- 
ton gaasi (Cherns & Schwabe, 2019) and they have al- 
ready been reported in the first part of the present work 
(Dell'Angelo et al., 2018a). 

A further species from Gaas, Stenoplax monila Cherns & 
Schwabe, 2019 (but published online in Nov. 2017) was 
recently described, based on 15 valves present at Z5M, 
that we were able to check thanks to the courtesy of E. 
Schwabe (ZSM). Unfortunately, Cherns & Schwabe 
were not aware of the six species from Gaas that has 
been described by Rolle (1862) and de Rochebrune 
(1882). The material studied by Cherns & Schwabe con- 
sists of 15 valves: 2 head (one of which ZSM Mol 
20060781 K is the paratype), 3 intermediate (one of 
which ZSM Mol 20060781 M is the paratype) and 10 tail 
(one of which ZSM Mol 20060781 G is the holotype). A 
comparison of the Cherns & Schwabe's type material 
with the type material of the species described by Rolle 
and de Rochebrune from Gaas has allowed us to con- 
clude that it falls within the range of a earlier described 
species, i.e. L. oligocaena (Rolle, 1862), and therefore 
Stenoplax monila Cherns & Schwabe, 2019 must be con- 
sidered a junior subjective synonym (see below). 
Cherns & Schwabe (2019) attributed their material to 
the genus Stenoplax Dall, 1879. In living chiton spe- 
cies, that genus is easily ascribed, characterized by 
the elongate shell (the length 2 to 3 times the width), 
tail valve much more elongated (relative to other 
valves) and depressed, lateral areas of intermediate 
valves generally raised, tegmentum weakly to moder- 
ately-heavily sculptured (Kaas & Van Belle, 1987; Ven- 
drasco et al., 2012). In fossil material, however, it is 
more difficult to attribute when represented by single 
valves, as suggested by the synonymy given herein. We 
consider Cherns & Schwabe's material more charac- 
teristic of the genus Lepidochitona, displaying sculp- 
ture typical of the genus (Kaas & Van Belle, 1985: 76 
“sculpture varying from almost smooth to uniformly granu- 
lose”). It also strongly resembles other well-known 
Lepidochitona species from the European Neogene-Re- 
cent [e.g. L. cinerea (Linnaeus, 1767), L. canariensis 
(Thiele, 1909), inter alti (Kaas& Van Belle, 1985; 
Dell'Angelo & Smriglio, 1999; Carmona Zalvide & 
García García, 2000]. 

Another species of Lepidochitona was described from the 
Oligocene (Rupelian) of Germany (Waldbéckelheim), 
France (Ormoy-la-Riviere) and Belgium (Alden Biesen): 
L. corrugis Boettger, 1869. This species, recently reported 
by Janssen (1978), Marquet et al. (2008) and Lozouet éz 
Maestrati (2012) (type material illustrated, fig. 172.23- 
25) differs from all the Lepidochitona species from Gaas 
mainly in the sculpture of the central and postmucronal 
areas (granules arranged in more or less distinct longi- 
tudinal striae) and lateral and postmucronal areas 
(granules arranged in diverging striae running oblique- 
ly), vs. a sculpture with granules randomly arranged on 


Gaas have been attributed to eight different species, six 
of which described as new. We have reported the main 
diagnostic characters for each species in Tab. 3. 


the entire valve, typical of the species of Lepidochitona 
from Gaas. 
The intermediate aie of ria studied from 


granules 
in central 
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width of 
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Tab. 3. Diagnostic characters of the intermediate valves of the species of Lepidochitona found from the Oligocene of Gaas (apex: NE = not evident 
or just highlighted; S = small; VP = very prominent / profile: R = rounded; RS = rounded to semicarinate; S = semicarinate; C = carinate / anterior 
margin: S = straight; C = convex; SS = slightly sinuose / posterior margin: S = straight; C = concave at both sides of the apex; SC = slightly concave 
at both sides of the apex / lateral areas: SD = scarcely differentiated; D = differentiated by the different sculpture; DF = separated from central area 
by a diagonal fold / granules in central area: R = roundish; SR = subrhomboidal; O = oval/triangular / width of granules: L = low (< 70 um); M = 
middle (80-100 um); H = high (> 100 um) / aesthetes: SD = of equal size, not differentiated; D = differentiated in macro- and microaesthetes). 


Tab. 3. Caratteri diagnostici delle piastre intermedie delle specie di Lepidochitona rinvenute nell'Oligocene of Gaas (apice: NE = non evidente o ap- 
pena accennato; S = piccolo; VP = molto prominente / profilo: R = arrotondato; RS = da arrotondato a semicarenato; S = semicarenato; C = carena- 
to / margine anteriore: S = dritto; C = convesso; SS = leggermente sinuoso / margine posteriore: S = dritto; C = concavo ad entrambi i lati 
dell'apice; SC = leggermente concavo ad entrambi i lati dell'apice / aree laterali: SD = scarsamente differenziate; D = differenziate per la diversa 
scultura; DF = separate dall'area centrale per mezzo di una piega diagonale / granuli nell'area centrale: R = arrotondati; SR = subromboidali; O = 
ovali/triangolari / larghezza dei granuli: L = piccola (< 70 um); M = media (80-100 um); H = grande (> 100 um) / esteti: SD = di uguali dimensioni, 
non differenziati; D = differenziati in macro- e microesteti). 


The head and tail valves are much more difficult to at- 3. valves weak elevated (Fig. 11. C), granules roundish, L 
tribute at specific level. The head valve is present in the piego Lepidochitona reussi 
type material of only one of the previously described valves elevated (Fig. 13. C), granules roundish/oval, L 
species (Lepidochitona oligocaena), and the tail valves up to 100 um................. Lepidochitona tarbelliana 


only for two species (L. oligocaena and L. reussi). Whilst 
there is no problem in the attribution of the valves to L. 
oligocaena and L. tessellata n. sp. (the only two species 
with aesthetes of equal size), the attribution of head 


Key to specific attribution of tail valves 


1. granules small, roundish, L a: to 50 um, aesthetes of 


; _ A NR ZE OE RO og anh 2 

valves to L. reussi and L. tarbelliana and of tail valves to ean ; 
SE . granules larger, L up to 100 um, with a central macro- 
L. tarbelliana is tentatively. i and'n-micigaestiietes a. orali edo 3 
The difficulty in attributing head valves to species has > sculpture reeular. i.e Lepidochitona oligocaena 


pee discussed In previous para Ae tae Oe an sculpture coarser, with irregular growth lines or group 


2018b: 11; e.g. some species of Lepidopleurus from the of isolated granule ........ Lepidochitona tessellata n. sp. 
late Miocene of northwest France cannot be separated 3. valves semicircular, L/W = 0.49-0.63, frontal view as in 
based on head valve morphology alone). ECR A A MERE Lepidochitona reussi 
Below we give a key to the diagnostic shell characters valves more than semicircular, L/W = 0.74-0.78, frontal 
used for specific attribution of the head and tail valves view as in Fig. 13. O........... Lepidochitona tarbelliana 


of Lepidochitona studied from Gaas. 


Lepidochitona oligocaena (Rolle, 1862) 


Key to specific attribution of head valves 


1. granules small, roundish, L up to 50 um, aesthetes of 


equal size. IIA ae A a 
granules larger, L up to 100 um, with a central macro- 
and n_mictoassihelen. alii abs Ras 3 
2. sculpture recalar, RA Lepidochitona oligocaena 


sculpture coarser, with irregular growth lines or group 
of isolated granules....... Lepidochitona tessellata n. sp. 


(Figs 8, 9) 


1862 Chiton oligocaenus Rolle, p. 213, pl. 1, figs 9-14. 

1882 Lepidopleurus Oligocaenicus (Roll.) - de Rochebrune, p. 57. 

1957 Ischnochiton oligocaenicus Rolle - Fischer P.-H., p. 17. 

1978 ,Chiton” oligocaenus Rolle - Janssen R., p. 226. 

1981 Lepidochitona oligocaena (Rolle) - Van Belle, p. 54. 

2008 Lepidopleurus daubrei (de Rochebrune) - Varone, p. 156, 
figs 1-7 (non de Rochebrune, 1882). 

2011 Lepidochitona oligocaena (Rolle) - Dell' Angelo et al., p. 953. 
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2015b Lepidochitona oligocaena (Rolle) - Dell’Angelo et al., p. 365. 

2018a Chiton oligocaenus Rolle - Dell’Angelo et al., p. 11. 

2019 Stenoplax monila - Cherns & Schwabe, p. 7, figs 5(1)-(X), 
(A”, (B') [syn. nov.]. 

2019a Lepidochitona oligocaena (Rolle) - Dell’Angelo et al., p. 
304, figs 3A, 4A-O. 


Type material: syntypes: NHMW 1858/0018/0255, 47 
valves (9 head, 36 intermediate and 2 tail); NHMW 
2011/0009/0006, 2 valves (1 intermediate and 1 tail), 
maximum width 2.7 / 2.8 / 2.2 mm (Dell'Angelo et al., 
2019, fig. 4A-O). 


Type locality: Gaas (Larrat), France. 


Type stage 


Oligocene, Rupelian. 


Material examined 


NHMW 1858/0018/0255, NHMW  2011/0009/0006 


(syntypes). 
MHNBx, Benoist collection: 2 intermediate (MHNBx 
2014.14.32.1, MHNBx 2014.14.32.2) and 1 tail valve 


(MHNBx 2014.14.32.3) (Fig. 8. A-I) (seen only photo- 
graphs). 


IMHNBx 2014.14.32.2 


MHNBx 2014.14.32.3 


ZSM Mol 20060781, 15 valves (described as Stenoplax 
monila Cherns & Schwabe, 2019): 2 head of which ZSM 
Mol 20060781 K is the paratype [Cherns & Schwabe, 
2019, figs 5(1)-(K)], 3 intermediate of which ZSM Mol 
20060781 M is the paratype [Cherns & Schwabe, 2019, 
figs 5(V)-(X)], and 10 tail of which ZSM Mol 20060781 G 
is the holotype [Cherns & Schwabe, 2019, figs 5(P)-(S)]. 
Oligocene (Rupelian): Gaas (Rupelian levels): 208 
valves (8 head, 104 intermediate and 96 tail), Figs 9. 
A-C, 9. G, H, 9K, L (BD, MZB 50569, 50570). Gaas (Es- 
pibos): 45 valves (12 head, 18 intermediate and 15 tail) 
(AC, DA, PR). Gaas (Lagouarde): 56 valves (8 head, 25 
intermediate and 23 tail) (AC, DA). Gaas (Larrat): 3,289 
valves (525 head, 1,948 intermediate and 816 tail) Figs 
9. D-E 9. I, J, 9. M-U (AC, DA, JCV, MHNBx 2020.2.1, 
2020.2.2, 2020.2.3). Maximum width: 3.8 / 5.5 / 4 mm. 


Description completed (based on syntypes 
deposited at NHMW) 


Head valve semicircular, some radial folds (6-8) may 
be present. Intermediate valve rectangular, L/W = 
0.41, rounded in anterior profile, highly elevated 
(H/W = 0.47), anterior margin almost straight or 
slightly sinuose, slightly concave in the jugum, side 
margins weakly rounded, posterior margin straight, 


Fig. 8. A-I. Lepidochitona oligocaena (Rolle, 1862), Gaas, France, Aquitaine Basin, Oligocene (Rupelian), valves preserved in the Benoist collection at 
MHNBx. A-C. MHNBx 2014.14.32.1, intermediate valve, width 3.5 mm, dorsal, ventral and frontal views. D-F. MHNBx 2014.14.32.2, intermediate 
valve, width 3.3 mm, dorsal, ventral and frontal views. G-I. MHNBx 2014.14.32.3, tail valve, width 2.4 mm, dorsal, ventral and lateral views. 


Fig. 8. A-l. Lepidochitona oligocaena (Rolle, 1862), Gaas, Francia, Bacino Aquitaniano, Oligocene (Rupeliano), piastre conservate nella collezione Be- 
noist al MHNBx. A-C. MHNBx 2014.14.32.1, piastra intermedia, larghezza 3,5 mm, viste dorsale, ventrale e frontale. D-F. MHNBx 2014.14.32.2, 
piastra intermedia, larghezza 3,3 mm, viste dorsale, ventrale e frontale. G-I. MHNBx 2014.14.32.3, piastra posteriore, larghezza 2,4 mm, viste dorsale, 


ventrale e laterale. 


apex not evident or just highlighted, lateral areas 
scarcely differentiated. 

Tail valve semicircular, L/W = 0.57, anterior margin 
slightly sinuose, slightly concave in jugum, mucro 
subcentral, antemucronal and postmucronal slopes 
almost straight, slightly concave behind mucro. 
Tegmentum entirely covered by close-set, irregularly ar- 
ranged granules, some coalescent, roundish in head 
valves, more irregular and tending to rhomboidal in 
other valves. Each granule with 8-12 aesthetes, of equal 
size, often one (or more) of them centrally located. 
Diameter of roundish granules on head valve ca 40-45 
um; maximum length of the rhomboidal ones on inter- 
mediate valves ca 50-68 um. 

Articulamentum with rounded apophyses, separated 
by a wide jugal sinus, slit formula: 10-11/2/9-13, slits 
inequidistant, the second slit in intermediate valves lies 
close to posterior margin, slit rays clearly visible in 
head and intermediate valves, teeth short. 


Remarks 


This species is characterized by the tegmentum entirely 
covered by very close-set irregularly arranged rhom- 
boidal granules, some coalescent, with aesthetes of 
equal size, the anterior profile of the intermediate valves 
rounded, the apex of the intermediate valves not evi- 
dent, the slit formula 10-11/2/9-13, and has been at- 
tributed to the genus Lepidochitona Gray, 1821 (Dell’An- 
gelo et al., 2019a). 

The valves preserved in the Benoist collection (MHNBx 
2014.14.32.1-3) are attributed to Lepidochitona oligocaena. 
We checked the head and tail valves preserved at 
ZSM and determined as Stenoplax monila Cherns & 
Schwabe, 2019, and the comparison of the Cherns & 
Schwabe's type material with the type material of the 
species described by Rolle and de Rochebrune from 
Gaas permit us to conclude that the shell characters of 
the head and tail valves of S. monila falls within the 
range of L. oligocaena and must therefore be considered 
a junior subjective synonym of L. oligocaena. Some of 
the tail valves of S. monila [e.g. the valve figured in figs 
5(T)-(U), (A’)-(B’)] show some slight trace of roughness 
in the postmucronal area, generally not present in the 
valves of L. oligocaena that have a regular uniform sculp- 
ture, but these traces are weak and not particularly sig- 
nificant. 


Variability 


Valves of Lepidochitona oligocaena are the most numer- 
ous of all those of Lepidochitona species present in the 
Oligocene (Rupelian) of Gaas (75.3% of the total), 
and all three types of valves (head, intermediate and 
tail) are present. This allows us to observe an import- 
ant level of variability, especially in the intermediate 
and tail valves. 

The anterior valves have a sculpture in which radial 
folds are present in some specimens, absent in others, 


as reported by Rolle in his original description [“surface 
covered densely by warts, sometimes with a few (6-8) slight- 
ly raised radial ribs, sometimes without’’]. 

In the intermediate valves the length/width ratio ranges 
normally from 0.39 to 0.43 (0.40 and 0.41 in the two 
valves MHNBx 2014.14.32.1 and MHNBx 2014.14.32.2), 
and the height/width ratio ranges from 0.38 to 0.54 (0.39 
and 0.47 in the two valves present at MHNBx). A few 
valves are more elongated (L/W = 0.30-0.33), lower in 
rounded anterior profile, H/W = 0.27-0.32 (Fig. 9. 
M-O), but the sculpture is similar with the same 
rhomboidal granules of L. oligocaena with aesthetes of 
equal size (Fig. 9. N), and we consider these valves to 
fall within the range of variability. 

In the tail valves the length/width ratio ranges nor- 
mally from 0.56 to 0.65 (0.56 in the valve MHNBx 
2014.14.32.3). A few valves are more than semicircular 
(Fig. 9. P), or tending to a triangular shape (Fig. 9. T), 
with L/W = 0.68-0.71, and with a different lateral 
profile (compare Fig. 9. L to Figs 9. R. 5. U), but the 
sculpture is similar with the same rhomboidal gran- 
ules of L. oligocaena with aesthetes of equal size (Fig. 
9. S), and are considered to fall within the specific vari- 
ability. 


Comparisons 


Lepidochitona oligocaena is well characterized by the inter- 
mediate valves showing a posterior margin straight 
with the apex not evident or just highlighted, the lat- 
eral areas scarcely differentiated and the tegmentum 
covered by irregular subrhomboidal granules with 
aesthetes of equal size, not differentiated. The only 
other species of Lepidochitona from Gaas with similar 
characters is L. tessellata n. sp., which however differs 
in having different and coarser sculpture over the lat- 
eral and postmucronal areas (see below). 

The diagnostic characters of the other species of Lepido- 
chitona from the Oligocene of Gaas are summarised in 
Tab: 3. 


Distribution 


Middle Oligocene: northeastern Atlantic (Rupelian): 
Aquitaine Basin, France (Rolle, 1862; this paper). 


Lepidochitona tessellata n. sp. 
(Fig. 10) 


Type material: holotype: MHNBx 2020.3.1, tail valve, 
width 4.3 mm (Fig. 10. J-O). Paratypes: MHNBx 
2020.3.2, head valve, width 4.1 mm (Fig. 10. A-C); MH- 
NBx 2020.3.3, intermediate valve, width 5 mm (Fig. 10. 
D-H). 


Type locality: Gaas (Larrat), France. 


Type stage 
Oligocene (Rupelian). 
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Etymology 


The numerous elevated granules which form the sur- 
face of the valves remind the tesserae of a mosaic. 


Other material 


Oligocene (Rupelian): Gaas (Rupelian levels): 6 valves 
(1 head, 3 intermediate and 2 tail) (BD); Gaas (Espibos): 
25 valves (1 head, 8 intermediate and 16 tail) (AC, DA, 
PR); Gaas (Lagouarde): 6 valves (5 intermediate and 1 
tail) (AC, DA, PR); Gaas (Larrat): 119 valves (8 head, 64 
intermediate and 47 tail), Fig. 10. I(AC, DA, JCV). Max- 
imum width: 4.1 / 7 / 5.1 mm. 


Description (based on type material) 


Head valve semicircular, posterior margin widely 
V-shaped, slope almost straight. Intermediate valve 
rectangular, L/W = 0.43, rounded in anterior profile, 
moderately elevated (H/W = 0.41), anterior margin al- 
most straight, lateral margins rounded, posterior mar- 
gin almost straight, apex not evident, lateral areas 
raised, with the presence of concentric striae of elevated 
granules. Tail valve semicircular, L/W = 0.7, anterior 
margin straight, mucro subcentral, antemucronal slope 
slightly convex, postmucronal slope slightly concave 
just behind mucro. 

Tegmentum entirely covered by randomly arranged 
granules, subrhomboidal in central and antemucronal 
areas (length 90-100 um); smaller, roundish in lateral 
and postmucronal areas (length ca. 50 um), some higher 
tending to form elevated growth lines or groups of isol- 
ated granules (some coalescent), giving the impression 
of forming rough surface. Each granule with many ae- 
sthetes of equal size, up to 15 in the more elongate 
granules in central and antemucronal areas (Fig. 10. E 
M), up to 10 in the roundish granules in lateral and 
postmucronal areas (Fig. 10. H, O), often one (or more) 
of them centrally located. 

Articulamentum with large apophyses, teeth inequidis- 
tant, slit formula 9-11 / 2 / 9-11, eaves spongy. 


Remarks 


The material studied is well preserved and the coarse 


sculpture of the tegmentum is characteristic for the spe- 
cies. There is a certain variability in the shape of inter- 
mediate valves (the length/width ratio ranges from 
0.40 to 0.45) and tail valves (the length/width ratio 
ranges from 0.65 to 0.71). 


Comparisons 


This species is superficially similar to Lepidochitona oli- 
gocaena (Rolle, 1862), from which it differs mainly in the 
different sculpture of the lateral and postmucronal areas, 
very irregular in L. tessellata n. sp. with the presence of 
elevated granules forming growth lines or irregularly 
distributed groups of higher granules. In L. oligocaena 
the granules in these areas are regularly distributed, 
without any trace of growth lines. Further differences 
are the coarser sculpture and the lateral areas raised in 
L. tessellata (vs. not raised in L. oligocaena), the different 
structure of the granules in central and antemucronal 
areas (close-set subrhomboidal granules of length up to 
68 um in L. oligocaena, vs. widely spaced larger gran- 
ules, length up to 100 pm in L. tessellata). 

The diagnostic characters of the other species of Lepido- 
chitona from the Oligocene of Gaas are summarised in 
Taba! 


Distribution 


Middle Oligocene: northeastern Atlantic (Rupelian): 
Aquitaine Basin, France (this paper). 


Lepidochitona reussi (Rolle, 1862) 
(Fig. 11) 


1862 Chiton Reussi Rolle, p. 214, pl. 1, figs 15-16. 

1882 Chiton reussi Roll. - de Rochebrune, p. 57 (in synonymy 
of Lepidopleurus oligocaenicus). 

1969 Middendorfia (sic!) reussi Rolle - Rado, p. 192, pl. 2, fig. 31. 

1978 ,Chiton” reussi Rolle - Janssen, p. 226. 

1981 Chiton reussi Rolle - Van Belle, p. 60 [considered = Lepido- 
chitona oligocaena (Rolle)]. 

2008 Chiton sp. 1 - Varone, p. 156, figs 13-14. 

2018a Chiton reussi Rolle - Dell’Angelo et al., p. 11. 

2019a Lepidochitona reussi (Rolle) - Dell’Angelo et al., p. 306, 
figs 3B, 5A-O. 

Non Chiton reussi Procházka (non Rolle, 1862) - Procházka, 


Fig. 9. A-U. Lepidochitona oligocaena (Rolle, 1862), Gaas, France, Aquitaine Basin, Oligocene (Rupelian). A, B. Head valve, MZB 50569, width 3.1 
mm, dorsal view and close-up of surface ornamentation. C. Head valve (BD), width 3 mm, ventral view. D-F. Gaas (Larrat), MHNBx 2020.2.1, inter- 
mediate valve (AC), width 3.3 mm, dorsal, ventral and frontal views. G, H. Intermediate valve (BD), width 3.7 mm, dorsal view and close-up of surface 
ornamentation of central area. I, J. Gaas (Larrat), tail valve (AC), width 2.3 mm, dorsal view and close-up of surface ornamentation of antemucronal 
area. K, L. MZB 50570, tail valve, width 2.3 mm, ventral and lateral views. M-O. Gaas (Larrat), MHNBx2020.2.2, intermediate valve (AC), width 2.5 
mm, dorsal view, close-up of surface ornamentation of central area, and frontal view. P-S. Gaas (Larrat), MHNBx2020.2.3, tail valve (AC), width 2.9 
mm, dorsal, ventral and lateral views and close-up of surface ornamentation of antemucronal area. T, U. Gaas (Larrat), tail valve (JCV), width 2.9 mm, 
dorsal and lateral views. Scale bars = 100 um (H); 50 um UJ, N, S); 20 um (B). 


Fig. 9. A-U. Lepidochitona oligocaena (Rolle, 1862), Gaas, Francia, Bacino Aquitaniano, Oligocene (Rupeliano). A, B. Piastra anteriore, MZB 50569, 
larghezza 3,1 mm, vista dorsale e dettaglio della scultura del tegmentum. C. Piastra anteriore (BD), larghezza 3 mm, ventral view. D-F. Gaas (Larrat), 
MHNBx 2020.2.1, piastra intermedia (AC), larghezza 3,3 mm, viste dorsale, ventrale e frontale. G, H. Piastra intermedia (BD), larghezza 3,7 mm, 
vista dorsale e dettaglio della scultura dell'area centrale. I, J. Gaas (Larrat), piastra posteriore (AC), larghezza 2,3 mm, vista dorsale e dettaglio della 
scultura dell'area antemucronale. K, L. MZB 50570, piastra posteriore, larghezza 2,3 mm, viste ventrale e laterale. M-O. Gaas (Larrat), MHNBx2020.2.2, 
piastra intermedia (AC), larghezza 2,5 mm, vista dorsale, dettaglio della scultura dell'area centrale e vista frontale. P-S. Gaas (Larrat), MHNBx2020.2.3, 
piastra posteriore (AC), larghezza 2,9 mm, viste dorsale, ventrale e laterale e dettaglio della scultura dell'area antemucronale. T, U. Gaas (Larrat), pia- 
stra posteriore (JCV), larghezza 2,9 mm, viste dorsale e laterale. Scala = 100 um (H); 50 um (J, N, S); 20 um (B). 
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Fig. 10. A-O. Lepidochitona tessellata n. sp., Gaas, Larrat, France, Aquitaine Basin, Oligocene (Rupelian). A-C. Paratype, MHNBx 2020.3.2, head valve 
(JVC), width 4.1 mm, dorsal, ventral and lateral views. D-H. Paratype, MHNBx 2020.3.3, intermediate valve (JVC), width 5 mm, dorsal (D) and frontal 
(E) views, close-up of surface ornamentation of central (F) and lateral (G-H) areas. I. Intermediate valve (JVC), width 6.5 mm, dorsal view. J-O. Holo- 
type, MHNBx 2020.3.1, tail valve (JVC), width 4.3 mm, dorsal (J), ventral (K) and lateral (L) views, close-up of surface ornamentation of antemucron- 
al (M) and postmucronal (N-O) areas. Scale bars = 200 um (G, N); 50 um (FE, H, M, O). 


Fig. 10- A-O. Lepidochitona tessellata n. sp., Gaas (Larrat), Francia, Bacino Aquitaniano, Oligocene (Rupeliano). A-C. Paratipo, MHNBx 2020.3.2, pia- 
stra anteriore (JVC), larghezza 4,1 mm, viste dorsale, ventrale e laterale. D-H. Paratipo, MHNBx 2020.3.3, piastra intermedia (JVC), larghezza 5 mm, 
viste dorsale (D) e frontale (E), dettaglio della superficie delle aree centrale (F) e laterale (G-H). I. Piastra intermedia (JVC), larghezza 6,5 mm, vista 
dorsale. J-O. Olotipo, MHNBx 2020.3.1, piastra posteriore (JVC), larghezza 4,3 mm, viste dorsale (J), ventrale (K) e laterale (L), dettaglio della super- 
ficie delle aree antemucronale (M) e postmucronale (N-O). Scala = 200 um (G, N); 50 um (F, H, M, O). 


1900, p. 72, 118, fig. 29 (= Lepidopleurus cajetanus, fide Sulc, Non Chiton reussi (non Rolle, 1862) - Vetters, 1910, p. 157 [= 

1934, p. 4). Acanthochitona faluniensis (de Rochebrune, 1882), fide Kroh, 
Non Chiton reussi Rzehak (non Rolle, 1862) - Rzehak, 1893, p. 2003, p. 134]. 

171 (an undeterminable species, considered by Rzehak = 


Chiton siculus? Reuss). Type material: syntypes: NHMW 2011/0009/0002, 1 tail 


valve; NHMW 2011/0009/0003, 4 valves (3 intermedi- 
ate and 1 tail); NHMW 2011/0009/0004, 1 intermediate 
valve; NHMW 2011 /0009/0008: 5 intermediate valves, 
maximum width - / 2.4 / 2 mm (Dell'Angelo et al., 
2019a, figs 4A-O). 


Type locality: Gaas, France. 


Type stage 


Oligocene, Rupelian. 


Material examined 


NHMW  2011/0009/0002, NHMW  2011/0009/0003, 
NHMW  2011/0009/0004 NHMW  2011/0009/0008 


(syntypes). 


Oligocene (Rupelian): Gaas (Rupelian levels): 9 valves 
(4 head, 4 intermediate and 1 tail) (BD); Gaas (Espi- 
bos): 3 valves (1 head, 1 intermediate and 1 tail) (AC, 
DA, PR); Gaas (Lagouarde): 3 valves (2 intermediate 
and 1 tail) (DA); Gaas (Larrat): 209 valves (68 head, 83 
intermediate and 58 tail), Fig. 11. A-R (AC, DA, JCV, 
MHNBx 2020.1.1, MHNBx 2020.3.4, MHNBx 2020.3.5, 
MHNBx 2020.1.7). Maximum width: 4.1 / 5.3 / 2.7 
mm. 


Description completed (based on syntypes 
deposited at NHMW for intermediate and tail 
valves) 


Head valve semicircular, weak elevated, some radial 
fold may be present, slope straight. Intermediate valve 
rectangular, carinate in anterior profile, moderately ele- 
vated (H/W = 0.28), anterior margin straight or slightly 
concave, lateral margins rounded, posterior margin 
slightly concave on both sides of prominent apex, lateral 
areas separated from central areas by a diagonal fold. 
Tail valve less than semicircular, length/width ratio = 
0.45, anterior margin slightly concave, mucro subcen- 
tral, acute, anterior slope straight, posterior slope con- 
cave. 

Tegmentum entirely covered by irregularly arranged 
and very close-set roundish granules, not elevated, 
some coalescent, diameter up to 78 um in head valve, 
83 um in intermediate valves, 96 um in tail ones; each 
granule bearing a more or less central macroaesthete, 
and 6-10 microaesthetes arranged irregularly along 
margin, additional microaesthetes scattered between 
granules. 

Articulamentum with small triangular apophyses in 
intermediate valves, trapezoidal in tail valve, slit for- 
mula 8-9/2/8-9, slits deep, teeth strong, very uneven in 
width, eaves spongy. 


Remarks 


This species is characterized by the tegmentum entirely 
covered by irregularly arranged roundish granules, 


with one central macroaesthete and 6-10 microaesthetes 
arranged irregularly along the margin, the anterior pro- 
file of intermediate valves carinate, a small but promin- 
ent apex. 


Variability 


There is a certain variability in the shape of intermedi- 
ate valves (the length/width ratio ranges from 0.37 to 
0.47, and also the carinate anterior profile, with H/W = 
0.28-0.33). 

In the tail valves the shape is variable, L/W = 0.49 to 
0.63 (see Fig. 11. I with L/W = 0.62 and Fig. 11. P with 
L/W = 0.49) and many valves (but not all) show a trun- 
cation in the posterior margin (Fig. 11. P-Q). Also the 
valves figured by Varone (2008: figs 13-14) as Chiton sp. 
1 show this characteristic truncation. 


Comparisons 


De Rochebrune (1882: p. 57) considered “Chiton reussi” 
a synonym of “Chiton oligocaenus” (“La similitude parfaite 
des figures et des descriptions du C. oligocaenicus et du C. 
Reussi (Rolle, loc. cit.) nous oblige à les considerer comme 
étant de la méme espèce, et à donner le Reussi en synony- 
mie”), and also Van Belle (1981). Direct study of the type 
material of Lepidochitona reussi present at NHMW per- 
mits us to consider the latter as a valid and distinct spe- 
cies. Lepidochitona reussi differs from L. oligocaena (Rolle, 
1862) by the shape of intermediate valves (carinate with 
H/W = 0.28-0.33 vs. rounded with H/W = 0.27-0.54 in 
L. oligocaena), the larger granules (roundish with diam- 
eter up to 96 um vs. subrhomboidal with L up to 68 um 
in L. oligocaena), the structure of the aesthetes (with one 
central macroaesthete and 6-10 microaesthetes vs. ae- 
sthetes of equal size in L. oligocaena), and the number of 
slits in the tail valves (8-9 vs. 9-13 in L. oligocaena). 

The diagnostic characters of the other species of Lepido- 
chitona from the Oligocene of Gaas are summarised in 
Tab. 3. 


Distribution 


Middle Oligocene: northeastern Atlantic (Rupelian): 
Aquitaine Basin, France (Rolle, 1862; de Rochebrune, 
1882; this paper). 


Lepidochitona tarbelliana n. sp. 
(Figs 12, 13) 


Type material: holotype: MHNBx 2020.2.4, intermediate 
valve, width 3.2 mm (Fig. 13. E-H). Paratypes: MHNBx 
2020.1.2, head valve, width 2.3 mm (Fig. 13. A-D); MH- 
NBx 2020.2.5, tail valve, width 2.3 mm (Fig. 13. I-L). 


Type locality: Gaas (Larrat), France. 


Type stage 


Oligocene, Rupelian. 
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Fig. 11. A-R. Lepidochitona reussi (Rolle, 1862), Gaas (Larrat), France, Aquitaine Basin, Oligocene (Rupelian). A-D. MHNBx 2020.1.1, head valve (DA), 
width 2.2 mm, dorsal, ventral, lateral views and close-up of surface ornamentation (D). E-H. MHNBx 2020.3.4, intermediate valve (JVC), width 2.8 
mm, dorsal, ventral, frontal views and close-up of surface ornamentation of central area (H). I-L. MHNBx 2020.3.5, tail valve, width 2.3 mm, dorsal, 
ventral, lateral views and close-up of surface ornamentation of antemucronal and postmucronal areas (L). M,N. Intermediate valve (AC), width 2.2 
mm, dorsal and frontal views. O. MHNBx 2020.1.7, tail valve (DA), width 2.7 mm, frontal view. P-R. Tail valve (JCV), width 2 mm, dorsal, ventral and 
lateral views. Scale bars = 200 um (D, L); 50 um (H 


Fig. 11. A-R. Lepidochitona reussi (Rolle, 1862), Gaas (Larrat), Francia, Bacino Aquitaniano, Oligocene (Rupeliano). A-D. MHNBx 2020.1.1, piastra 
anteriore (DA), larghezza 2,2 mm, viste dorsale, ventrale, laterale e dettaglio della scultura del tegmentum (D). E-H. MHNBx 2020.3.4, piastra inter- 
media (JVC), larghezza 2,8 mm, viste dorsale, ventrale, frontale e dettaglio della superficie dell'area centrale (H). I-L. MHNBx 2020.3.5, piastra poste- 
riore, larghezza 2,3 mm, viste dorsale, ventrale, laterale e dettaglio della superficie delle aree antemucronale e postmucronale (L). M, N. Piastra inter- 
media (AC), larghezza 2,2 mm, viste dorsale e frontale. O. MHNBx 2020.1.7, piastra posteriore (DA), larghezza 2,7 mm, vista frontale. P-R. Piastra 
posteriore (JCV), larghezza 2 mm, viste dorsale, ventrale e laterale. Scala = 200 um (D, L); 50 um (H). 


Etymology 


From the name of the Tarbellii people, who lived in 
this area before the Roman epoch. 


Other material 


MHNBx, Benoist collection: (from MHNBx 2014.14.23.1 
to MHNBx 2014.14.23.4), material labeled Tonicia gaasen- 
sis, Fig. 12. A-L (seen only photographs). 

Oligocene (Rupelian): Gaas (Rupelian levels): 17 valves 
(3 head and 14 intermediate) (BD); Gaas (Espibos): 8 
intermediate valves (AC, DA); Gaas (Lagouarde): 2 
valves (1 head and 1 intermediate) (AC); Gaas (Larrat): 
323 valves (24 head, 296 intermediate and 3 tail), Fig. 


IMHNBx 2014.14.23.3 


IMHNBx 2014.14.23.4 


13. M-O (AC, DA, JCV, MHNBx 2020.1.2, MHNBx 
2020.2.4, MHNBx 2020.2.5, MHNBx 2020.1.8). Maxi- 
mum width: 2.6 / 4.2 / 2.6 mm. 


Description (based on type material) 


Head valve semicircular, elevated, some radial fold 
may be present, slope slightly convex. Intermediate 
valve rectangular, length /width ratio 0.45, rounded to 
semicarinate in anterior profile, highly elevated (H/W 
= 0.47), anterior margin straight, lateral margins slightly 
rounded, posterior margin slightly concave at both 
sides of prominent apex, lateral areas separated from 
central area by a diagonal fold. Tail valve more than 
semicircular, length/width ratio 0.74, anterior margin 


Fig. 12. A-L. Lepidochitona tarbelliana n. sp., material preserved in the Benoist collection at MHNBx. A-l. Material labeled Tonicia gaasensis de Ro- 
chebrune, 1882. A-C. MHNBx 2014.14.23.1, intermediate valve, width 3 mm, dorsal, ventral and frontal views. D-F. MHNBx 2014.14.23.2, inter- 
mediate valve, width 3.3 mm, dorsal, ventral and frontal views. G-I. MHNBx 2014.14.23.3, intermediate valve, width 3 mm, dorsal, ventral and 
frontal views. J-L. Material labeled Lepidopleurus daubrei de Rochebrune, 1882, MHNBx 2014.14.23.4, intermediate valve, width 4 mm, dorsal, 


ventral and frontal views. 


Fig. 12. A-L. Lepidochitona tarbelliana n. sp., materiale conservato nella collezione Benoist al MHNBx. A-I. Materiale con etichetta Tonicia gaasensis 
de Rochebrune, 1882. A-C. MHNBx 2014.14.23.1, piastra intermedia, larghezza 3 mm, viste dorsale, ventrale e frontale. D-F. MHNBx 2014.14.23.2, 
piastra intermedia, larghezza 3,3 mm, viste dorsale, ventrale e frontale. G-I. MHNBx 2014.14.23.3, piastra intermedia, larghezza 3 mm, viste dorsale, 
ventrale e frontale. J-L. Materiale con etichetta Lepidopleurus daubrei de Rochebrune, 1882, MHNBx 2014.14.23.4, piastra intermedia, larghezza 4 


mm, viste dorsale, ventrale e frontale. 
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straight, mucro subcentral, anterior and posterior slopes 
straight, almost aligned. 

Tegmentum entirely covered by irregularly arranged, 
elevated, roundish granules, some coalescent, diameter 
up to 100 um in head valve, tending to be more oval 
near anterior margin, 126 um in intermediate valves, 


100 um in tail ones; each granule bearing a more or less 
central macroaesthete, and up to 10 microaesthetes ar- 
ranged irregularly along the margin, additional 
microaesthetes are found between the granules. 
Articulamentum with large apophyses, slit formula 
9/2/9, slit rays clearly visible. 


Fig. 13. A-O. Lepidochitona tarbelliana n. sp., Gaas (Larrat), France, Aquitaine Basin, Oligocene (Rupelian). A-D. MHNBx 2020.1.2, paratype, head 
valve (DA), width 2.3 mm, dorsal, ventral, lateral views and close-up of surface ornamentation (D). E-H. MHNBx 2020.2.4, holotype, intermediate 


valve (AC), width 3.2 mm, dorsal, ventral, frontal views and close-up of surface ornamentation of central area (H). I-L. MHNBx 2020.2.5, paratype, 
tail valve (AC), width 2.3 mm, dorsal, ventral, lateral views and close-up of surface ornamentation of antemucronal and postmucronal areas (L). M. 
Intermediate valve (DA), width 3.3 mm, dorsal view. N, O. MHNBx 2020.1.8, tail valve (DA), width 2.6 mm, dorsal and frontal views. Scale bars = 100 
umi): 50: um (Di A): 


Fig. 13. A-O. Lepidochitona tarbelliana n. sp., Gaas (Larrat), Francia, Bacino Aquitaniano, Oligocene (Rupeliano). A-D. MHNBx 2020.1.2, paratipo, 
piastra anteriore (DA), larghezza 2,3 mm, viste dorsale, ventrale, laterale e dettaglio della scultura del tegmentum (D). E-H. MHNBx 2020.2.4, olotipo, 
piastra intermedia (AC), larghezza 3,2 mm, viste dorsale, ventrale, frontale e dettaglio della superficie dell'area centrale (H). I-L. MHNBx 2020.2.5, 
paratipo, piastra posteriore (AC), larghezza 2,3 mm, viste dorsale, ventrale, laterale e dettaglio della superficie delle aree antemucronale e postmucro- 
nale (L). M. Piastra intermedia (DA), larghezza 3,3 mm, vista dorsale. N, O. MHNBx 2020.1.8, piastra posteriore (DA), larghezza 2,6 mm, viste dorsa- 
le e frontale. Scala = 100 um (L); 50 um (D, H). 


Remarks 


This species is characterized by the tegmentum being 
entirely covered by irregularly arranged roundish 
granules, larger (almost double the diameter) than the 
two previous species (L. oligocaena and L. reussi), with 
a central macroaesthete and up to ten microaesthetes 
arranged irregularly along the margin, the anterior 
profile of the intermediate valves rounded to semicari- 
nate, a small but prominent apex, and these shell char- 
acters place the species in the genus Lepidochitona Gray, 
1821. 

We consider the four valves from the Benoist collection 
deposited at MHNBx (from MHNBx 2014.14.23.1 to 
MHNBx 2014.14.23.4, Fig. 12. A-L), labeled Tonicia gaa- 
sensis, conspecific to Lepidochitona tarbelliana n. sp. 


Variability 


There is a certain variability in the shape of intermedi- 
ate valves (the length/width ratio ranges from 0.44 to 
0.55, and also the rounded to semicarinate anterior pro- 
file, with H/W = 0.39-0.47) and of tail valves (L/W = 
0.74-0.78). 


Comparisons 


This species has larger granules than the three specie of 
Lepidochitona from Gaas discussed above. 

The tail valves are at a first glance similar to those of 
Lepidochitona reussi (Rolle, 1862), but differ in shape 
(L/W = 0.74-0.78 vs. 0.49-0.63 of L. reussi) and in the 
frontal view of the valves (compare Fig. 11. O of L. reus- 
si with Fig. 13. O of L. tarbelliana). 

The diagnostic characters of the other species of Lepido- 
chitona from the Oligocene of Gaas are summarised in 
Tab. 3. 


Distribution 


Middle Oligocene: northeastern Atlantic (Rupelian): 
Aquitaine Basin, France (this paper). 


Lepidochitona charlesi n. sp. 
(Fig. 14) 


Type material: holotype: MHNBx 2020.3.6, intermediate 
valve, width 3.8 mm (Fig. 14. E-I). Paratypes: MHNBx 
2014.14.23.5, intermediate valve present in the lot de- 
posited in the Benoist collection at MHNBx, labeled 
Lepidopleurus daubrei, width 4 mm (Fig. 14. A-D); MZB 
50571, topotypic intermediate valve, width 3.2 mm (Fig. 
14. J-L). 


Type locality: Gaas (Larrat), France. 


Type stage 


Oligocene, Rupelian. 


Etymology 


In honour of Charles Laurent, Malacologist, Collection 
Manager at the Museum of Natural History of Bor- 
deaux, author of many photos of the Chitonida type 
material of the Benoist collection. 


Other material 


Oligocene (Rupelian): Gaas (Rupelian levels): 1 inter- 
mediate valve, width 3.2 mm (BD); Gaas (Larrat): 8 in- 
termediate valves, maximum width 4 mm (AC). 


Description (based on type material) 


Head and tail valves not present. Intermediate valve 
rectangular, L/W = 0.56-0.62 (0.62 in holotype), round- 
ed in anterior profile, highly elevated (H/W = 0.55-0.70, 
0.55 in holotype), anterior margin almost straight, lateral 
margins slightly rounded, posterior margin slightly 
concave at both sides of prominent apex, lateral areas 
scarcely differentiated. 

Tegmentum entirely covered by irregularly arranged, 
weak elevated, triangular to oval granules, not coales- 
cent, diameter up to 110 um; each granule bearing a 
more or less central macroaesthete, and up to 6 micro- 
aesthetes arranged irregularly along margin, additional 
microaesthetes present between granules. 
Articulamentum with small, rounded apophyses, slit 
formula two slits on each side, slit rays visible, eaves 


spongy. 


Remarks 


Lepidochitona charlesi n. sp. is characterized by having 
the tegmentum entirely covered by irregularly arranged 
triangular to oval granules (Fig. 14. F), larger than the 
other species of Lepidochitona from Gaas [except L. tar- 
belliana n. sp.], with one central macroaesthete and up to 
six microaesthetes arranged irregularly along the mar- 
gin (Fig. 14. G), the rounded and high anterior profile of 
intermediate valves (Figs 14. D, I), a small but prom- 
inent apex (Figs 14. E, H), and these shell characters 
place the species in the genus Lepidochitona Gray, 1821. 
The second slit in the articulamentum is smaller and 
near the posterior margin, not clearly visible in the 
holotype, but well evident in the rest of the material 
examined (Fig. 14. K). 

We consider the valve from the Benoist collection de- 
posited at MHNBx (MHNBx 2014.14.23.5, Fig. 14. A-D), 
labeled Lepidopleurus daubrei, conspecific to Lepidochito- 
na charlesi n. sp. 


Variability 


The shell characters in this species show little variability. 
Only one valve (Fig. 14. J-L) is much higher (H/W = 0.70, 
while all the other valves examined have H/W = 0.55- 
0.61) and has a more rounded to semicarinate anterior 
profile. Nevertheless, the shape of the valve, the sculp- 
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Fig. 14. A-L. Lepidochitona charlesi n. sp., Gaas, France, Aquitaine Basin, Oligocene (Rupelian). A-D. MHNBx 2014.14.23.5, paratype, material pre- 
served in the Benoist collection at MHNBx, labeled Lepidopleurus daubrei, intermediate valve, width 4 mm, dorsal, ventral and frontal views. E-I. 
MHNBx 2020.3.6, holotype, intermediate valve (JVC), width 3.2 mm, dorsal view (E), close-up of surface ornamentation of central area (F-G), ventra 
(H) and frontal (I) views. J-L. MZB 50571, paratype, intermediate valve, width 3.8 mm, dorsal, ventral and frontal views. Scale bars = 200 um (F); 50 
um (G). 


Fig. 14. A-L. Lepidochitona charlesi n. sp., Gaas, France, Aquitaine Basin, Oligocene (Rupelian). A-D. MHNBx 2014.14.23.5, paratipo, materiale conser- 
vato nella collezione Benoist al MHNBx, con etichetta Lepidopleurus daubrei, piastra intermedia, larghezza 4 mm, viste dorsale, ventrale e frontale. E-l. 
MHNBx 2020.3.6, olotipo, piastra intermedia (JVC), larghezza 3,2 mm, vista dorsale (E), dettaglio della superficie dell'area centrale (F-G), viste ventrale 
(H) e frontale (|). J-L. MZB 50571, paratipo, piastra intermedia, larghezza 3,8 mm, viste dorsale, ventrale e frontale. Scala = 200 um (F); 50 um (G). 


ture and the posterior margin with the small but evident  chitona from the Oligocene of Gaas are summarised in 
apex are similar, and we consider this valve falling Tab. 3. 
within the range of variability of L. charlesi n. sp. 


Distribution 


Comparisons 
Middle Oligocene: northeastern Atlantic (Rupelian): 


The most similar species is Lepidochitona tarbelliana n. Aquitaine Basin, France (this paper). 
sp., from which L. charlesi n. sp. differs by the different 


shape of the valves (L/W = 0.56-0.62 vs. 0.44-0.55 in L. Lepidochitona vancuycki n. Sp. 
tarbelliana n. sp.), higher elevation (H/W = 0.55-0.70 vs. Fig. 15 

0.39-0.47 in L. tarbelliana n. sp.), and the triangular to 

oval granules, not coalescent. Type material: holotype: MHNBx 2020.3.7, an inter- 


The diagnostic characters of the other species of Lepido- | mediate valve, width 2.9 mm (Fig. 15. A-D). 


Type locality: Gaas (Larrat), France. 


Type stage 


Oligocene, Rupelian. 


Etymology 


The name honours Jacques Van Cuyck (Lege-Cap-Ferret, 
France), who collected and donated the type material. 


Other material 


Oligocene (Rupelian): Gaas (Larrat): 1 intermediate 
valve (JCV), width 3.5 mm (Fig. 15. E, F). 


Description (based on type material) 


Head and tail valves not present. Intermediate valve 
rectangular, L/W = 0.60, rounded in anterior profile, 
highly elevated (H/W = 0.56), anterior margin weakly 
sinuose, lateral margins slightly rounded, posterior 
margin almost straight at both sides of poorly develop- 
ed apex, lateral areas not raised, but separated from 
central area by a diagonal fold. 

Tegmentum entirely covered by irregularly arranged, 
weak elevated, roundish granules, not coalescent, diam- 
eter up to 100 um; each granule bearing a more or less 
central macroaesthete, and up to 6 microaesthetes ar- 
ranged irregularly along the margin, additional micro- 
aesthetes are found between the granules. 
Articulamentum with rounded apophyses, slit formula 
two slits for each side, slit rays visible, eaves spongy. 


Fig. 15. A-F. Lepidochitona vancuycki n. sp., Gaas, France, Larrat, Aquitaine Basin, France, Aquitaine Basin, Oligocene (Rupelian). A-D. MHNBx 
2020.3.7, holotype, intermediate valve (JVC), width 2.9 mm, dorsal, ventral and frontal views, and close-up of surface ornamentation of central area. 
E, F. Intermediate valve (JCV), width 3.5 mm, dorsal and frontal views. Scale bars = 100 um (D). 


Remarks 


This species is characterized by the tegmentum entirely 
covered by roundish granules (Fig. 15. D), the “envel- 
oping” valve with a characteristic rounded and high 
anterior profile (Fig. 15. C), and an almost straight pos- 
terior margin with a small apex (Fig. 15. A), and these 
shell characters place the species in the genus Lepidochi- 
tona Gray, 1821. 

A second lower intermediate valve (H/W = 0.47) has a 
different shape (L/W = 0.5), but the sculpture and the 
posterior straight margin with the small apex are simi- 
lar, and we consider this valve falling within the 
range of variability of L. vancuycki n. sp. 


Comparisons 


The most similar species is Lepidochitona charlesi n. sp., 
from which Lepidochitona vancuycki n. sp. differs by the 
almost straight posterior margin with a small apex (vs. 
slightly concave at both sides of the prominent apex in 
L. charlesi), the lateral areas not raised, but separated 
from the central area by a diagonal fold (vs. scarcely 
differentiated in L. charlesi), and the smaller roundish 
granules (up to 100 pm, vs. triangular-oval up to 110 
um diameter in L. charles). 

The diagnostic characters of the other species of Lepido- 
chitona from the Oligocene of Gaas are summarised in 
Tab. 3. 


Distribution 


Middle Oligocene: northeastern Atlantic (Rupelian): 
Aquitaine Basin, France (this paper). 


Fig. 15. A-F. Lepidochitona vancuycki n. sp., Gaas (Larrat), Francia, Bacino Aquitaniano, Oligocene (Rupeliano). A-D. MHNBx 2020.3.7, olotipo, piastra 
intermedia (JVC), larghezza 2,9 mm, viste dorsale, ventrale e frontale e dettaglio della superficie dell'area centrale. E, F. Piastra intermedia (JCV), 


larghezza 3,5 mm, viste dorsale e frontale. Scala = 100 um (D). 
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Lepidochitona larratensis nov.sp. 
(Figs 16) 


Type material: holotype: MHNBx 2020.2.6, holotype, 
intermediate valve, width 2.7 mm (Fig. 16. A-D). Para- 
type: MHNBx 2020.2.9, intermediate valve, width 3.2 
mm (Fig. 16. E-I). 


Type locality: Gaas (Larrat), France. 


Type stage 


Oligocene, Rupelian. 


Etymology 


In relation with the Larrat deposit (Gaas, Landes, S.-W. 
France) in which the material type was recently and ex- 
clusively collected. 


Other material 


MHNBx, Benoist collection: MHNBx 2014.14.21.1, MH- 
NBx 2014.14.21.2), material labeled Tonicia waltebledi, 
Fig. 16. J-O (seen only photographs). 

Oligocene (Rupelian): Gaas (Rupelian levels): 3 inter- 
mediate valves (BD); Gaas (Larrat): 60 intermediate 
valves (AC, DA, JCV). Maximum width: 4.3 mm. 


Description (based on type material) 


Head and tail valves not present. Intermediate valve 
rectangular, length/width ratio 0.51-0.53, rounded to 
semicarinate in anterior profile, highly elevated (H/W 
= 0.56-0.62), anterior margin slightly sinuose, weakly 
concave in jugum, lateral margins rounded, posterior 
margin concave at both sides of very prominent apex, 
lateral areas scarcely differentiated. 

Tegmentum entirely covered by irregularly arranged, 
elevated, roundish granules, some coalescent, diameter 
up to 86 um; each granule bearing a more or less central 
macroaesthete, and up to eight microaesthetes arranged 
irregularly along margin, additional microaesthetes are 
found between granules. 

Articulamentum with apophyses small and triangular, 
slit formula one slit for each side, slit rays clearly vis- 
ible, second slit ray lies close to posterior margin. 


Remarks 


This species is characterized by the tegmentum entirely 
covered by irregularly arranged roundish granules, 
with one central macroaesthete and up to eight micro- 
aesthetes arranged irregularly along the margin, the 
anterior profile of intermediate valves rounded to semi- 
carinate, a very prominent apex, and these shell charac- 
ters place the species in the genus Lepidochitona Gray, 
1821. 

We consider the two valves from the Benoist collection 


deposited at MHNBx (MHNBx 2014.14.21.1, MHNBx 
2014.14.21.2, Fig. 16. J-O), labeled Tonicia waltebledi, con- 
specific to Lepidochitona larratensis n. sp. These valves 
show a slightly different shape, with lower values of 
L/W (0.47 vs. 0.51-0.53 of the type material) and similar 
H/W (0.58-0.61 vs. 0.56-0.62 of the type material). 


Comparisons 


The diagnostic characters of the other species of Lepido- 
chitona from the Oligocene of Gaas are summarised in 
Tab. 3. 


Distribution 


Middle Oligocene: northeastern Atlantic (Rupelian): 
Aquitaine Basin, France (this paper). 


Lepidochitona chalossensis n. sp. 
(Figs 17) 


Type material: holotype: MHNBx 2020.2.7, intermediate 
valve, width 2.2 mm (ex AC, Fig. 17. H, I). Paratype: 
MHNBx 2014.14.22, Benoist collection, material labeled 
Tonicia gaasensis, intermediate valve, width 2.8 mm (Fig. 
17. A-C) (seen only photographs). 


Type locality: Gaas, France. 


Type stage 


Oligocene, Rupelian. 


Etymology 


Is derived from the name of the region, la Chalosse, in 
which the village of Gaas is included. 


Other material examined 


Oligocene (Rupelian): Gaas (Rupelian levels): 1 inter- 
mediate valve, Fig. 17. D-G (BD): Gaas (Espibos): 1 
intermediate valve (DA); Gaas (Larrat): 59 intermediate 
valves (AC, DA, JCV). Maximum width: 3.3 mm. 


Description (based on type material) 


Head and tail valves not present. Intermediate valve 
rectangular, length /width ratio 0.61-0.63 (0.61 in holo- 
type), carinate in anterior profile, highly elevated (H/W 
= 0.47), anterior margin convex, lateral margins round- 
ed, posterior margin concave at both sides of very 
prominent apex, lateral areas scarcely differentiated. 
Tegmentum entirely covered by irregularly arranged, 
elevated, roundish granules, some coalescent, diameter 
up to 93 um; each granule bearing a more or less central 
macroaesthete, and up to six microaesthetes arranged 
irregularly along margin, additional microaesthetes 
randomly placed between granules. 


Fig. 16. A-O. Lepidochitona larratensis n. sp., Gaas, France, Aquitaine Basin, Oligocene (Rupelian). A-D. Gaas (Larrat), MHNBx 2020.2.6, holotype, 
intermediate valve (AC), width 2.7 mm, dorsal, ventral, frontal views and close-up of surface ornamentation. E-l. Gaas (Larrat), MHNBx 2020.2.6, 
paratype, intermediate valve (AC), width 3.2 mm, dorsal and ventral views and close-up of surface ornamentation. J-O. Material preserved in the 
Benoist collection at MHNBx, labeled Tonicia waltebledi. J-L. MHNBx 2014.14.21.1, intermediate valve, width 3.5 mm, dorsal, ventral and frontal 
views. M-O. MHNBx 2014.14.21.2, intermediate valve, width 3.7 mm, dorsal, ventral and frontal views. Scale bars = 100 um (D, G, 1); 50 um (H). 


Fig. 16. A-O. Lepidochitona larratensis n. sp., Gaas, Francia, Bacino Aquitaniano, Oligocene (Rupeliano). A-D. Gaas (Larrat), MHNBx 2020.2.6, oloti- 
po, piastra intermedia (AC), larghezza 2,7 mm, viste dorsale, ventrale, frontale e dettaglio della scultura del tegmentum. E-l. Gaas (Larrat), MHNBx 
2020.2.6, paratipo, piastra intermedia (AC), larghezza 3,2 mm, viste dorsale e ventrale e dettaglio della scultura del tegmentum. J-O. Materiale 
conservato nella collezione Benoist al MHNBx, con etichetta Tonicia waltebledi. J-L. MHNBx 2014.14.21.1, piastra intermedia, larghezza 3,5 mm, viste 
dorsale, ventrale e frontale. M-O. MHNBx 2014.14.21.2, piastra intermedia, larghezza 3,7 mm, viste dorsale, ventrale e frontale. Scala = 100 um (D, 
G, |); 50 um (H). 
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Fig. 17. A-l. Lepidochitona chalossensis n. sp., Gaas, France, Aquitaine Basin, Oligocene (Rupelian). A-C. MHNBx 2014.14.22, paratype, material 
preserved in the Benoist collection at MHNBx, labeled Tonicia gaasensis, intermediate valve, width 2.8 mm, dorsal, ventral and frontal views. D-G. 
intermediate valve (BD, lost while taking SEM photos), width 2.6 mm, dorsal, ventral, frontal views and close-up of surface ornamentation. H, I. Gaas 


(Larrat), MHNBx 2020.2.7, holotype, intermediate valve (AC), width 2.2 mm, dorsal view and close-up of surface ornamentation. Scale bars = 100 um 
(G,. I). 


Fig. 17. A-l. Lepidochitona chalossensis n. sp., Gaas, Francia, Bacino Aquitaniano, Oligocene (Rupeliano). A-C. MHNBx 2014.14.22, paratipo, mate- 
riale conservato: nella collezione Benoist al MHNBx, con etichetta Tonicia gaasensis, piastra intermedia, larghezza 2,8 mm, viste dorsale, ventrale e 
frontale. D-G. Piastra intermedia (BD, persa durante l'effettuazione delle foto al SEM), larghezza 2,6 mm, viste dorsale, ventrale, frontale e dettaglio 
della scultura del tegmentum. H, I. Gaas (Larrat), MHNBx 2020.2.7, olotipo, piastra intermedia (AC), larghezza 2,2 mm, vista dorsale e dettaglio 


della scultura del tegmentum. Scala = 100 um (G, I). 


Articulamentum with apophyses small, triangular, slit 
formula one slit for each side. 


Remarks 


Lepidochitona chalossensis n. sp. is characterized by the 
tegmentum entirely covered by irregularly arranged 
roundish granules, with one central macroaesthete and 
up to six microaesthetes arranged irregularly along the 
margin, the anterior profile of the intermediate valves is 
carinate, a very prominent apex, and these shell charac- 
ters place the species in the genus Lepidochitona Gray, 
1821. 

We consider the valve from the Benoist collection de- 
posited at MHNBx (MHNBx 2014.14.22, Fig. 17. A-C), 
labeled Tonicia gaasensis, conspecific to Lepidochitona 
chalossensis n. sp. 


Variability 


There is a certain variability in the rounded to semi- 


carinate anterior profile of intermediate valves (the 
height/width ratio ranges from 0.43 to 0.58). 


Comparisons 


The most similar species is Lepidochitona larratensis nov. 
sp., from which L. chalossensis differs by the different 
shape of the valves (L/W = 0.61-0.63 vs. 0.47-0.53 in L. 
larratensis, H/W = 0.47-0.56 vs. 0.56-0.62 in L. larratensis) 
the carinate anterior profile (vs. rounded to semicari- 
nate in L. chalossensis), and the convex anterior margin 
(vs. slightly sinuose in L. larratensis). 

The diagnostic characters of the other species of Lepido- 


chitona from the Oligocene of Gaas are summarised in 
Tab. 3. 


Distribution 


Middle Oligocene: northeastern Atlantic (Rupelian): 
Aquitaine Basin, France (this paper). 


C - the species of Lepidochitona from the 
Miocene of the Aquitaine and Ligerian 
basins 


Lepidochitona leognanensis 
(Cossmann & Peyrot, 1917) n. comb. 
(Fig. 18) 


1917 Chiton leognanensis Cossmann & Peyrot, p. 34, pl. 2, figs 
28-31. 

? 1920 Chiton leognanensis Cossmann & Peyrot - Dolfuss, p. 45. 

1981 Chiton leognanensis Cossmann & Peyrot - Van Belle, p. 46. 

2008 Chiton leognanensis Cossmann & Peyrot - Varone, p. 156. 

2012 Chiton leognanensis Cossmann & Peyrot - Cahuzac et al., p. 399 

2018a Chiton leognanensis Cossmann & Peyrot - Dell’Angelo et 
al., p. 11, 40. 


Type material: unknown. Bial de Bellerade collection 
was not found currently, some elements have been 
spotted in the University of Talence (Bordeaux) but no 
“type” specimen, and it is not retained at MNHBx. 


Type locality: Léognan (Le Thil), France. 


Type stage 


Early Miocene. 


Material examined 


Aquitanian: Saucats (Lariey); 1 intermediate valve, 
width 1.8 mm, Fig. 18. D-F (JFL); Saucats (Le Ninon): 1 
intermediate valve, width 3.5 mm, Fig. 18. A-C (JFL). 
Burdigalian: Noaillan (Gamachot): 6 valves (2 head, 
maximum width 2.6 mm, Fig. 18. G-I, 3 intermediate, 
maximum width 3.4 mm, Fig. 18. J, L, and 1 tail, width 
1.5 mm, Fig. 18. M-O) (BD, MZB 50573-50575). 


Original description (from Cossmann & Peyrot, 
1917: p. 34) 


Taille tres petite. Valve intermédiaire tres arquée et suban- 
guleuse, subrostrée en arriére; lames suturales à demi con- 
servées, étroites et allongées; surface ornée de rangées — 
rayonnantes en éventail — de granulations oblongues, très 
atténuées sur le sternum médian qui est arrondi et qui sépare 
les aires latérales presque aplaties. 

Valve postérieure en écusson semi-elliptique, divisée en deux 
régions très inégales, l'inférieure marquée de quelques grosses 
rides verticales. 

Dim. Valve intermédiaire: 4 mill. sur 1,25; valve postérieure: 
2,5 mill. sur 1 mill. 


Remarks 


This species is poorly known, not reported after the 
original description (except for a mention from Rennes 
by Dolfuss), until Cahuzac et al. (2012) recorded it from 
Saucats (the two intermediate valves here figured, Figs 
18. A-F). 


The original description of Cossmann & Peyrot (1917: p. 
34) is short and incomplete (head valves were not 
known), the type material is unknown, and the material 
examined is scarce. We therefore offer a completed de- 
scription. 


Completed description 


Head valve semicircular, posterior margin widely 
V-shaped, slope slightly convex. Intermediate valves rec- 
tangular, L/W = 0.40-0.48, semicarinate in anterior pro- 
file, moderately elevated (H/W = 0.44-0.45), anterior mar- 
gin slightly convex or weakly sinuose, side margins poor- 
ly rounded, posterior margin straight or slightly concave 
at both sides of prominent apex, lateral areas scarcely 
differentiated. Tail valve semielliptical, L/W = 0.40, ante- 
rior margin almost striaght, mucro in anterior position, 
antemucronal and postmucronal slopes almost straight. 
Tegmentum entirely covered by randomly arranged ob- 
long granules, although weak impression of order in 
radial striae of intermediate valves, radiating from the 
area just next to the apex. 

Articulamentum with large apophyses, triangular in 
intermediate valves, trapezoidal in tail valve, slit formula: 
9/2/7, slits inequidistant, slit rays clearly visible in 
head and tail valves. 


Distribution 


Early Miocene: northeastern Atlantic (Aquitanian-Bur- 
digalian): Aquitaine Basin, France (Cossmann & Peyrot, 
1917; Cahuzac et al., 2012; this paper). 


Lepidochitona cf. canariensis (Thiele, 1909) 
(Fig. 19) 


1909 Trachydermon canariensis Thiele, p. 15, pl. 2, figs 14-25. 

1985 Lepidochitona (L.) canariensis (Thiele) - Kaas & Van Belle, 
p. 95, fig. 44, map 17. 

1999 Lepidochitona (Lepidochitona) canariensis (Thiele) - Dell’ An- 
gelo & Smriglio, p. 154, pl. 51, fig. 78. 

2000 Lepidochitona canariensis Thiele - Carmona Zalvide & 
García García, p. 22. 

2000 Lepidochitona canariensis Thiele - Dell'Angelo € Tringali, 
p. al, fo. 4. 

2004 Lepidochitona (L.) canariensis Thiele - Dell’Angelo et al., p. 
¿pd Me s. 

2009 Lepidochitona canariensis Thiele - Anseeuw & Verstraeten, 
p. 30, pl. 1, figs 1-3. 

2009 Lepidochitona (Lepidochitona) cf. canariensis (Thiele) - Ko- 
skeridou et al., p. 316, figs 9.5-9.7. 

2013 Lepidochitona canariensis Thiele - Dell'Angelo et al., p. 91, 
pl. 8, figs L-Q. 


Type material: holotype: ZMHU 101918. 


Type locality: Canary Islands, Tenerifa, Puerto. 


Material examined 


Early Miocene (Burdigalian): Martillac (fossé pres du 
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Fig. 18. A-O. Lepidochitona leognanensis (Cossmann & Peyrot, 1917), France, Aquitaine Basin. A-F. Miocene (Aquitanian). A-C. Saucats (Le Ninon), 
intermediate valve (JFL), width 3.5 mm, dorsal, ventral and frontal views. D-F. Saucats (Lariey), intermediate valve (JFL), width 1.8 mm, dorsal, ventral 
and frontal views. G-O. Noaillan (Gamachot), Miocene (Burdigalian). G-I. MZB 50573, head valve, width 2.5 mm, dorsal, ventral and lateral views. 
J-L. MZB 50574, intermediate valve, width 3.4 mm, dorsal, ventral and frontal views. M-O. MZB 50575, tail valve, width 1.5 mm, dorsal, ventral and 
lateral views. 


Fig. 18. A-O. Lepidochitona leognanensis (Cossmann & Peyrot, 1917), Francia, Bacino Aquitaniano. A-F. Miocene (Aquitaniano). A-C. Saucats (Le 
Ninon), piastra intermedia (JFL), larghezza 3,5 mm, viste dorsale, ventrale e frontale. D-F. Saucats (Lariey), piastra intermedia (JFL), larghezza 1,8 mm, 
viste dorsale, ventrale e frontale. G-O. Noaillan (Gamachot), Miocene (Burdigaliano). G-I. MZB 50573, piastra anteriore, larghezza 2,5 mm, viste dor- 
sale, ventrale e laterale. J-L. MZB 50574, piastra intermedia, larghezza 3,4 mm, viste dorsale, ventrale e frontale. M-O. MZB 50575, piastra posterio- 


re, larghezza 1,5 mm, viste dorsale, ventrale e laterale. 


couvent de la Solitude): 1 intermediate valve, width 4.3 
mm, Fig. 19. A-C (JFL). Late Miocene: Amberre (Mou- 
lin-Pochas): 1 intermediate valve, width 4.8 mm, Fig. 
19. D-F (PR). 


Remarks 


The two valves examined show a sculpture formed by 
more numerous and smaller granules than those of Lepi- 
dochitona leognanensis, and the valves are less elevated 
(H/W = 0.3-0.33, vs. 0.44-0.45 in L. leognanensis). The 
sculpture is more similar to to the granule structure of 
L. canariensis (Thiele, 1909) and L. cinerea (Linnaeus, 
1767), but the coarser sculpture and the more prom- 


inent apex (more distinct than in L. cinerea) led us to 
tentatively attribute the examined material to L. cf. 
canariensis. 


Distribution 


Early Miocene: northeastern Atlantic (Burdigalian): 
Aquitaine Basin, France (this paper). Late Miocene: 
northeastern Atlantic: Ligerian Basin, France (this paper). 
Pliocene: Italy, Spain (Dell'Angelo et al., 2004, 2013). 
Pleistocene: Greece (Koskeridou et al., 2009). Recent: 
Mediterranean Sea (Morocco) and Atlantic Ocean, Mau- 
ritania, Madeira and the Canary Islands (Dell'Angelo & 
Smriglio, 1999; Anseeuw & Verstraeten, 2009). 


Fig. 19. A-F. Lepidochitona cf. canariensis (Thiele, 1909). A-C. Martillac (fossé près du couvent de la Solitude), France, Aquitaine Basin, Early Miocene 
(Burdigalian), intermediate valve (JFL), width 4.3 mm, dorsal, ventral and frontal views. D-F. Amberre (Moulin Pochas), France, Ligerian Basin, Late 
Miocene, intermediate valve (PR), width 4.8 mm, dorsal, ventral and frontal views. 


Fig. 19. A-F. Lepidochitona cf. canariensis (Thiele, 1909). A-C. Martillac (fossé près du couvent de la Solitude), Francia, Bacino Aquitaniano, Miocene 
inferiore (Burdigaliano), piastra intermedia (JFL), larghezza 4,3 mm, viste dorsale, ventrale e frontale. D-F. Amberre (Moulin Pochas), Francia, Bacino 
Ligeriano, Miocene superiore, piastra intermedia (PR), larghezza 4,8 mm, viste dorsale, ventrale e frontale. 


Family Tonicellidae Simroth, 1894 
Genus Tonicella Carpenter, 1873 


Type species: Chiton marmoreus Fabricius, 1780, by 
monotypy. 


Remarks 


The valves in this genus are characterized by having a 
smooth tegmental surface that is ornamented at most 
by tiny granules, and with weakly defined lateral areas 
(Ferreira, 1982). 


Distribution 


The genus is known from the late Eocene to the pres- 
ent-day. It occurs in the North Pacific, Arctic, and 
North Atlantic oceans (Kaas & Van Belle, 1985). The 
fossil record extends back to the late Eocene in Eu- 
rope (Bielokrys, 1999), the Miocene in Japan (Itoigawa 
et al., 1981-1982), and the Pliocene-Pleistocene in 
North America (Vendrasco et al., 2012 and references 
therein). 

Tonicella originated in the north Pacific (Sirenko, 1973), and 
four species are known from the Eocene-Oligocene of Eur- 
ope: T. implumis Bielokrys, 1999 from the late Eocene of 
Ukraine, T. tenuissima (Sandberger, 1859) from the Oligo- 
cene (Rupelian) of Germany, T. modesta (Rolle, 1862) from 
the Oligocene (Rupelian) of France, and 7. lira Cherns & 
Schwabe, 2019 from the late Oligocene of France. 

Tonicella redoniensis Dell'Angelo, Landau, Van Dingenen 
& Ceulemans, 2018 is known from the Miocene (Torto- 
nian) of the Ligerian Basin of France, while two living 
species occur in the North Atlantic, Tonicella marmorea 
(Fabricius, 1780) and Boreochiton ruber (Linnaeus, 1767) 
(placed in the genus Tonicella by previous authors), and 
are rarely reported also from the Pleistocene of North 
Europe and Italy (Antevs, 1917, 1928; Dell'Angelo & 
Giusti, 1997). 


The separation of the Tonicella species is not always 
easy, often the identifying characters are unclear and 
overlap between species. Moreover, in some species the 
head and tail valves are not known. For these reasons 
we have reported in Tab. 4 the main characters of the 
intermediate valves of the four species of Tonicella dis- 
cussed in this paper, and of the other three species 
known from european Eocene to Miocene (1. implumis, 
T. lira and Tonicella redoniensis), for completeness. 


Tonicella modesta (Rolle, 1862) 
(Fig. 20) 


1862 Chiton modestus Rolle, p. 215, pl. 1, fig. 17. 

1882 Tonicia modesta (Roll.) - de Rochebrune, p. 56. 

1981 Chiton modestus Rolle - Van Belle, p. 51 (genus inquiren- 
dum). 

2011 Chiton modestus Rolle - Dell’Angelo et al., p. 953. 

2018a Chiton modestus Rolle - Dell’Angelo et al., p. 11. 

2018b Tonicella modesta (Rolle) - Dell’Angelo et al., p. 41. 

2019a Tonicella modesta (Rolle) - Dell'Angelo et al., p. 308, figs 
SENO: 


Type material: Holotype NHMW 2011/0009/0001: 1 
intermediate valve, width 2.4 mm (Dell'Angelo et al., 
2019a: fig. 6A-E). 


Type locality: Gaas, France. 


Type stage 
Oligocene (Rupelian). 


Material examined 


NHMW  2011/0009/0001 — (holotype) NHMW 
2011/0009/0005, 1 head valve, width 2.1 mm (Dell'An- 
gelo et al., 2019a: fig. 6F-I). Oligocene (Rupelian): Gaas 
(Rupelian levels): 2 intermediate valves, Fig. 20. D (BD, 
MZB 50576); Gaas (Larrat): 3 intermediate valves (AC), 
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Intermediate 
Ives triangular rectangular rectangular rectangular rectangular rectangular rectangular 


sate smooth, rugose in a 
smooth, with . SI lateral areas, SI 
tegmentum i displaying fine i vate several smooth 
6 rowth lines Pee displaying fine 
6 microgranulation prominent 
microgranulation 
growth lines 
shape W/L ee 2.05-2.5 ee 2-2.25 2.4-2.65 (2.583) 
profile da ad a rounded rounded to subcarinate | subcarinate subcarinate 
0.38 


dorsal 
0.41-0.51 (0.39-0.42*) 0.3-0.35 0.4 


smooth and 
glossy, with 
few visible 

growth lines 


smooth, with 
prominent 
growth lines 


0.51-0.55 


elevation ; 
H/W (02555) 
uil tapering outwards slightly 
anterior convex, almost slightly > > i 
i convex ais slightly convex | from slightly convex | almost straight} concave in 
margin straight in convex 3 
I jugal area jugal area 
jugum 
side margins rounded rounded fairly straight rounded fairly straight rounded rounded 


strongly 


beaked, concave at almost Sea almost straight | almost straight 
forming an | both sides of | straight, apex idol nearly straight, apex | atboth sides | at both sides of 

angle oi prominent not very conte pe not evident of prominent prominent 

101-106 apex prominent apex apex 


(10391) 


small, 
separated 
small, from central 
separated strongly 
separated area by re 
from central scarcely | : delimited from 
lateral areas | from central | diagonal fold, : scarcely differentiated ) 
Sere a La area by differentiated central area by | differentiated 
ag O Ro distinct rib diagonal fold 
diagonal fold present on 
posterior 
margin 


wide, trapezoidal, 


triangular, not | extending to 


triangular, rounded | wide, rounded wide 
projecting far | lateral margins 


Early-late 

Oligocene 

(Germany, 
France) 


small, 
triangular 


triangular, not 


pops projecting far 


Miocene, 
Tortonian 
(France) 


Miocene, 
Aquitanian 
(France) 


Oligocene, Oligocene, 


Late Eocene 
(Ukraine) 


Oligocene, Chattian 


Distribution Rupelian Rupelian (France) 


(France) (France) 


Tab. 4. Main diagnostic characters of intermediate valves of species of Tonicella from the european Eocene-Miocene. Notes: ' Holotype deposited at 
NHMW; 2 measured on the valve figured by Janssen (1978: pl. 16, fig. 32) (2.41) and on valves from Germany (Mainz Basin, Waldbockelheim) in BD 
collection, from R. Janssen (2.5-2.96); 3 measured on the valve figured by Bielokrys (1999: pl. 2, fig. 2); measured on valves from Germany (Mainz 
Basin, Waldbockelheim) in BD collection, from R. Janssen. 


Tab. 4. Principali caratteri diagnostici delle piastre intermedie delle species of Tonicella dall'Eocene-Miocene europeo. Note: ' Olotipo depositato al 
NHMW; ? misurato sulle piastre figurate in Janssen (1978: tav. 16, fig. 32) (2.41) e sulle piastre dalla Germania (Mainz Basin, Waldbockelheim) nella 
collezione BD, da R. Janssen (2.5-2.96); 3 misurato sulle piastre figurate in Bielokrys (1999: pl. 2, fig. 2); misurato sulle piastre dalla Germania (Mainz 
Basin, Waldbockelheim) nella collezione BD, da R. Janssen. 


4 intermediate valves, Fig. 20. E (DA), 9 intermediate other intermediate valves (e.g. Kaas, 1990: p. 176; Kaas, 
valves, Figs 20. A-C, 20. F (JCV, MHNBx 2020.3.8). Max- 1991: fig. 29-33; Kaas et al., 2006: fig. 147-150). 


imum width of the intermediate valves: 3.4 mm. In the studied material from Gaas there are many valves 
(head, intermediate and tail) attributable to the genus 
Remarks Tonicella. Of these, some intermediate ones closely 


match the features of the holotype of T. modesta deposit- 
Tonicella modesta is a species known from a single inter- ed at NHMW (Dell’Angelo et al., 2019a: figs 3C, 6A-E), 
mediate valve, with a characteristic shape (Rolle, 1862: originating from the same site (Gaas), and are consider- 
215 “beak-like, backwards highly elongated shape”, transla- ed conspecific to T. modesta. 
tion by A. Kroh). This valve, as already noted by Rolle, 
could be considered as the valve ii (the first intermedi- 
ate one), in several chiton species characterized by a 
different shape, more lengthened and beaked, and for The shape of the intermediate valves of Tonicella modesta 
this reason described or illustrated separately from the is very characteristic, and differ from the shape of all 


Comparisons 


Fig. 20. A-F. Tonicella modesta (Rolle, 1862), Gaas, France, Aquitaine Basin, Oligocene (Rupelian). A-C. Gaas (Larrat), MHNBx 2020.3.8, intermediate 
valve (JVC), width 2.8 mm, dorsal, ventral and frontal views. D. Gaas (Rupelian levels), MZB 50576, intermediate valve, width 2.3 mm, dorsal view. 
E. Intermediate valve (DA), width 2.3 mm, dorsal view. F. Intermediate valve (JCV), width 3.4 mm, dorsal view. 


Fig. 20. A-F. Tonicella modesta (Rolle, 1862), Gaas, Francia, Bacino Aquitaniano, Oligocene (Rupeliano). A-C. Gaas (Larrat), MHNBx 2020.3.8, piastra 
intermedia (JVC), larghezza 2,8 mm, viste dorsale, ventrale e frontale. D. Gaas (Rupelian levels), MZB 50576, piastra intermedia, larghezza 2,3 mm, 
vista dorsale. E. Intermediate valve (DA), larghezza 2,3 mm, vista dorsale. F. Piastra intermedia (JCV), larghezza 3,4 mm, vista dorsale. 


other Tonicella species discussed in this paper. The diag- 
nostic characters of the species of Tonicella from the euro- 
pean Eocene to Miocene are summarised in Tab. 4. 


Distribution 


Middle Oligocene: northeastern Atlantic (Rupelian): 
Aquitaine Basin, France (de Rochebrune, 1882; this paper). 


Tonicella nuda n. sp. 
(Fig. 21) 


Type material: holotype: MHNBx 2020.3.9, tail valve, 
width 2.3 mm (Fig. 21. J, L). Paratypes: MHNBx 
2020.1.3, head valve, width 3 mm (Fig. 21. A-C); MHN- 
Bx 2020.1.4, intermediate valve, width 3.8 mm (Fig. 21. 
D-G). 


Type locality: Gaas (Larrat), France. 


Type stage 
Oligocene (Rupelian). 


Etymology 

In connection with the lack of ornamentation of the 
valves. 

Other material 


Oligocene (Rupelian): Gaas (Rupelian levels): 9 valves 
(1 head, 7 intermediate and 1 tail) (BD); Gaas 


(Lagouarde): 3 valves (1 head and 2 intermediate) (DA); 
Gaas (Larrat): 33 valves (31 intermediate and 2 tail), Fig. 
21. I (AC); 103 valves (11 head, 73 intermediate and 19 
tail) (DA); 78 valves (1 head, 76 intermediate and 1 tail), 
Fig. 21. H (JCV). Maximum width of the valves: 3 / 4.4 
{27 mm. 


Description 


Head valve semicircular, posterior margin widely 
V-shaped, front slope straight, slight presence of radial 
folds. Intermediate valves rectangular, width more than 
twice the length (W/L = 2.05-2.5), rounded to subcari- 
nate in anterior profile, moderately to highly elevated 
(H/W = 0.41-0.51), anterior margin slightly convex, al- 
most straight in jugum, lateral margins rounded, poster- 
lor margin concave at both sides of prominent apex, 
lateral areas delimited from central area by diagonal 
fold, in some valves scarcely visible, second weaker di- 
agonal fold present on posterior margin. Tail valve el- 
liptical, width about twice the length (W/L = 1.93-2.10), 
anterior margin slightly convex, straight or slightly con- 
cave in jugal portion, mucro subcentral, antemucronal 
slope almost straight, postmucronal slope straight or 
slightly convex. 

Tegmentum smooth, glossy, with several inconspicuous 
growth lines, one or two more evident near anterior 
margin on head valve. 

Articulamentum with apophyses triangular, trapez- 
oidal in tail valve, weakly projecting, slit formula 
8-9/1/8, insertion plates short, teeth irregular, slit rays 
clearly visible in head and intermediate valves, scarcely 
visible in tail valves. 
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Fig. 21. A-L. Tonicella nuda n. sp., Gaas (Larrat), France, Aquitaine Basin, Oligocene (Rupelian). A-C. MHNBx 2020.1.3, paratype, head valve (DA), 
width 3 mm, dorsal, ventral and frontal views. D-G. MHNBx 2020.1.4, paratype, intermediate valve (DA), width 3.8 mm, dorsal, ventral and frontal 
views, and close-up of the left half valve. H. Intermediate valve (JCV), width 2.5 mm, dorsal view. I. Intermediate valve (valve ti) (AC), width 2.5 mm, 
dorsal view. J-L. MHNBx 2020.3.9, holotype, tail valve (JVC), width 2.3 mm, dorsal, ventral and frontal views. 


Fig. 21. A-L. Tonicella nuda n. sp., Gaas (Larrat), Francia, Bacino Aquitaniano, Oligocene (Rupeliano). A-C. MHNBx 2020.1.3, paratipo, piastra anterio- 
re (DA), larghezza 3 mm, viste dorsale, ventrale e laterale. D-G. MHNBx 2020.1.4, paratipo, piastra intermedia (DA), larghezza 3,8 mm, viste dorsale, 
ventrale e frontale e ingrandmento della mezza piastra sinistra. H. Piastra intermedia (JCV), larghezza 2,5 mm, vista dorsale. I. Piastra intermedia (valve 
ii) (AC), larghezza 2,5 mm, vista dorsale. J-L. MHNBx 2020.3.9, olotipo, piastra posteriore (JVC), larghezza 2,3 mm, viste dorsale, ventrale e laterale. 


Remarks 


The valves discussed herein are found together with 
some intermediate valves identified as Tonicella modesta 
(see above). The intermediate valves of T. nuda n. sp. 
differ from those of T. modesta by the shape of the 
valves, triangular with a strongly beaked posterior mar- 
gin forming an angle of ca. 103° in T. modesta, vs. rectangu- 
lar with a posterior margin concave at both sides of the 
prominent apex in T. nuda. Some intermediate valves of 
T. nuda have a slightly different shape, which allows us 
to consider them as valve ii (e.g. the posterior margin 
less concave and tending to form an angle, Fig. 21. I), 
but always very unlike the valves described as T. modes- 
ta (see above), e.g. with a different anterior jugal mar- 
gin, not convex as in T. modesta and with a posterior 
margin not strongly beaked as in T. modesta. 


There is a certain variability in the shape of intermedi- 
ate valves (the width/length ratio ranges from 2.05 
[Fig. 21. D, paratype] to 2.5 [Fig. 21. H], and also the 
anterior profile, with H/W = 0.41-0.51) and tail valves 
(the width/length ratio ranges from 1.93 [Fig. 21. J] to 
2.36). Also the anterior valves have a sculpture which 
more or less shows radial folds. 


Comparisons 


Tonicella nuda is similar to Tonicella tenuissima (Sand- 
berger, 1859) (see below), from which it differs mainly 
by the smooth surface with the presence of poorly or 
hardly visible growth lines (very prominent along the 
entire surface of the valves in T. tenuissima), and by the 
shape of intermediate valves (W/L = 2.05-2.5 vs. 2.41- 


2.96 in T. tenuissima; H/W = 0.41-0.51 vs. 0.39-0.42 in T. 
tenuissima). 

Tonicella nuda differs from T. lira Cherns & Schwabe, 
2019 from the Oligocene (Chattian) of S.-W. France 
mainly by the smooth surface (vs. lateral areas rugose in 
T. lira), the posterior margin of intermediate valves con- 
cave at both sides of the prominent apex (vs. almost 
straight with apex not evident in 7. lira), and the side 
margins rounded (vs. fairly straight in T. lira). 

The diagnostic characters of the species of Tonicella from 
the Eocene-Miocene of Europe are summarised in Tab. 
4. 


Distribution 


Middle Oligocene: northeastern Atlantic (Rupelian): 
Aquitaine Basin, France (this paper). 


Tonicella tenuissima (Sandberger, 1859) 
(Fig. 22) 


1859 Chiton tenuissimus Sandberger, pl. 14, figs 3, 3a, 3b. 

1861 Chiton tenuissimus Sandberger, p. 185. 

1869 Chiton tenuissimus Sandberger - Boettger, p. 10, pl. lb, figs 
l2a-b. 

1870 Chiton tenuissimus Sandberger - Boettger, p. 40, pl. 8b, 
figs 12a-b. 

1882 Lepidopleurus tenuissimus (Sandberger) - de Rochebrune, 
peo. 

1932 Chiton tenuissimus - Wenz, p. 14. 

1978 Tonicella tenuissima (Sandberger) - Janssen R., p. 223, pl. 
16, figs 31-35. 

1981 Tonicella tenuissima (Sandberger) - Van Belle, p. 76. 


1983 Tonicella tenuissima (Sandberger) - Giirs, p. 57, pl. 1, figs 
1, 2a-c, 3a-b. 

1995 Tonicella tenuissima (Sandberger) - Giirs, p. 31. 

2011 Tonicella tenuissima (Sandberger) - Dell’Angelo et al., p. 
954. 

2018b Tonicella tenuissima (Sandberger) - Dell’Angelo et al., p. 
41. 

2019 Tonicella tenuissima (Sandberger) - Cherns & Schwabe, p. 
10. 


Type material: the holotype (an intermediate valve) was 
destroyed during the Second World War (Janssen R., 
1978). 


Type locality: Gienberg, near Waldbóckelheim (Germa- 
ny). 

Type stage 

Middle Oligocene (Rupelian). 


Material examined 


Chattian, Late Oligocene: Saint-Paul-les-Dax (Abesse): 
5 valves (4 intermediate, maximum width 4 mm and 1 
tail, width 3.7 mm), Fig. 22. A-I (BD, DA, MZB 50577); 
Saint-Etienne-d'Orthe (Ruisseau de l'église): 1 inter- 
mediate valve, width 3.4 mm (JFL). 


Remarks 


This species was described by Sandberger (1859) based 
on a single intermediate valve from the early Oligocene 
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Fig. 22. A-l. Tonicella tenuissima (Sandberger, 1859), Saint-Paul-les-Dax (Abesse), France, Aquitaine Basin, Oligocene (Chattian). A-C. Intermediate 
valve (DA), width 4 mm, dorsal, ventral and frontal views. D-F. MZB 50577, intermediate valve, width 3.2 mm, dorsal, ventral and frontal views. G-I. 
Tail valve (BD), width 3.7 mm, dorsal, ventral and lateral views. 


Fig. 22. A-l. Tonicella tenuissima (Sandberger, 1859), Saint-Paul-les-Dax (Abesse), Francia, Bacino Aquitaniano, Oligocene (Chattiano). A-C. Piastra 
intermedia (DA), larghezza 4 mm, viste dorsale, ventrale e frontale. D-F. MZB 50577, piastra intermedia, larghezza 3,2 mm, viste dorsale, ventrale e 
frontale. G-I. Piastra posteriore (BD), larghezza 3,7 mm, viste dorsale, ventrale e laterale. 
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(Rupelian) of Germany. It is characterized by having 
smooth sculpture with the presence of growth lines 
and grooves (highlighted by Sandberger in his original 
description: “Its ornamentation consists of poorly devel- 
oped growth increments only”, translation by A. Kroh), 
the posterior margin tapering to a pointed apex, a dis- 
tinct rib separating the broad central area from the nar- 
row lateral areas of intermediate valves. Unfortunately, 
the type material was lost during the Second World 
War. Later, Janssen R. (1978) described and figured 
valves from the same locality, as well as valves from 
late Oligocene localities in Germany, as Tonicella tenuis- 
sima, and attributed head and tail valves to this spe- 
cles. 

The studied material includes some intermediate valves 
and a single tail valve, a little eroded and poorly pre- 
served, that mainly agree with the features of T. tenuis- 
sima. The shape W/L of the intermediate valves of T. 
tenuissima is variable, the valves are elongate, ca. 3 
times as wide as long, W/L = 2.92-3.1, vs. 2.41 meas- 
ured on the valve of T. tenuissima, figured by Janssen 
(1978: pl. 16, fig. 32), but two valves in BD collection 
from Waldbockelheim (Germany) show a W/L ratio of 
2.5 and 2.92, respectively, so we can attribute our mater- 
ial to I. tenuissima. 


Comparisons 


Tonicella tenuissima differs from T. lira Cherns & 
Schwabe, 2019 mainly by the smooth surface (vs. lateral 
areas rugose in T. lira), the posterior margin tapering to 
a pointed apex (vs. almost straight with apex not evi- 
dent in T. lira) and the presence of a rib separating lat- 
eral and pleural areas (not present in 7. lira). 

The diagnostic characters of the species of Tonicella from 
the Eocene-Miocene of Europe are summarised in Tab. 
4. 


Distribution 


Early-late Oligocene: North Sea Basin, Germany (Sand- 
berger, 1859; Janssen, 1978; Giirs, 1983); Late Oligocene: 
northeastern Atlantic (Chattian): Aquitaine Basin, 
France (this paper). 


Tonicella adunca n. sp. 
(Fig. 23) 


Type material: holotype: MHNBx 2020.5.1, tail valve, 
width 2 mm (Fig. 23. I-L). Paratypes: MHNBx 2020.5.2, 
head valve, width 1.8 mm (Fig. 23. A-D); MHNBx 
2020.5.3, intermediate valve, width 2.4 mm (Fig. 23. 
E-G). 


Type locality: Saucats (Lariey), France. 


Type stage 


Miocene (Aquitanian). 


Etymology 


From the Latin aduncus = hooked, with reference to the 
apex of the head valve. 


Other material 


Aquitanian: Saucats (Lariey): 12 valves (9 intermediate 
and 3 tail), Fig. 23. H; Cabanac (Pouquet): 1 head valve 
(JFL). Maximum width of the valves: 1.8 / 2.7 / 2.2 mm. 


Description 


Head valve semicircular, apex recurved. Intermediate 
valves rectangular, ca. width twice length (W/L = 
2-2.25), rounded in anterior profile, moderately elevat- 
ed (H/W = 0.3-0.35), anterior margin slightly convex, 
lateral margins rounded, posterior margin concave at 
both sides of prominent apex, lateral areas scarcely dif- 
ferentiated. Tail valve semicircular, W/L = 1.64, weakly 
elevated, anterior margin slightly convex, mucro sub- 
central, antemucronal slope almost straight, postmu- 
cronal slope concave. 

Tegmentum smooth, displaying very fine microgranu- 
lation. 

Articulamentum with apophyses small and trapezoidal, 
extending to lateral margins in intermediate valves, slit 
formula 8/1/11-12, teeth inequidistant. 


Comparisons 


Tonicella adunca n. sp. differs from T. tenuissima (Sand- 
berger, 1859) mainly in lacking a rib separating lateral 
from pleural areas (present in T. tenuissima), the re- 
curved apex in the head valve, and the trapezoidal 
apophyses extending to lateral margins in intermediate 
valves. 

Tonicella adunca differs from T. redoniensis Dell'Angelo, 
Landau, Van Dingenen & Ceulemans, 2018 mainly by 
the smooth surface (vs. smooth and glossy with several 
prominent growth lines in T. redoniensis), the lower dor- 
sal elevation (0.3-0.35 vs. 0.4 in T. redoniensis), and the 
scarcely differentiated lateral areas (vs. the presence of 
a diagonal fold separating lateral and central araes in 7. 
redoniensis). 

Tonicella adunca differs from T. lira Cherns & Schwabe, 
2019 mainly by the smooth surface (vs. lateral areas ru- 
gose in T. lira), the posterior margin tapering to a point- 
ed apex (vs. almost straight with apex not evident in T. 
lira) the recurved apex in the head valve, and the trap- 
ezoidal apophyses extending to lateral margins in inter- 
mediate valves. 

The diagnostic characters of the species of Tonicella from 
the Eocene-Miocene of Europe are summarised in Tab. 
4. 


Distribution 


Early Miocene: northeastern Atlantic (Late Aquitanian): 
Aquitaine Basin, France (this paper). 


Fig. 23. A-L. Tonicella adunca n. sp., Saucats (Lariey), France, Aquitaine Basin, Miocene (Aquitanian). A-D. MHNBx 2020.5.2, paratype, head valve 
(FL), width 1.8 mm, dorsal, ventral, lateral and anterior views. E-G. MHNBx 2020.5.3, paratype, intermediate valve (JFL), width 2.4 mm, dorsal, ven- 


tral and frontal views. H. 
ventral, lateral and posterior views. 


ntermediate valve (JFL), width 2.6 mm, dorsal view. I-L. MHNBx 2020.5.1, holotype, tail valve (JFL), width 2 mm, dorsal, 


Fig. 23. A-L. Tonicella adunca n. sp., Saucats (Lariey), Francia, Bacino Aquitaniano, Miocene (Aquitaniano). A-D. MHNBx 2020.5.2, paratipo, piastra 
anteriore (JFL), larghezza 1,8 mm, viste dorsale, ventrale, laterale e anteriore. E-G. MHNBx 2020.5.3, paratipo, piastra intermedia (JFL), larghezza 2,4 
mm, viste dorsale, ventrale e frontale. H. Piastra intermedia (FL), larghezza 2,6 mm, vista dorsale. I-L. MHNBx 2020.5.1, olotipo, piastra posteriore 


FL), larghezza 2 mm, viste dorsale, ventrale, laterale e posteriore. 


Superfamily Cryptoplacoidea H. 
& A. Adams, 1858 


Family Acanthochitonidae Pilsbry, 1893 
Genus Acanthochitona Gray, 1821 


Type species: Chiton fascicularis Linnaeus, 1767, by 
monotypy. 


Distribution 


The genus is known from the Miocene to the pres- 
ent-day. Five species are living along the European 
coasts and/or in the Mediterranean (Kaas, 1985; 
Dell'Angelo & Smriglio, 1999; Schmidt-Petersen et al., 
2015), three of which have a fossil record dating back to 
the early (Acanthochitona fascicularis [Linnaeus, 1767] 
and A. crinita [Pennant, 1777)] or the late Miocene (A. 
oblonga [Leloup, 1981) from the Mediterranean Basin 
(Dell’Angelo et al., 2016). Three species have been re- 
cently described by Dell'Angelo et al. (2018b) from the 


Miocene (Tortonian) of the northeastern Atlantic (An- 
jou, France): A. globosa, A. andegavensis and A. chauve- 
reauensis. Other species have been recorded or describ- 
ed from the middle Miocene of Paratethys (e.g. A. falu- 
niensis [de Rochebrune, 1882], A. plana [Sulc, 1934], A. 
sandeciana Batuk, 1984), but the validity of these species 
need to be confirmed. 


Remarks 


Acanthochitona remains a confusing group; the usual 
chiton shell characters (e.g. shape of the valves, shape 
of pustules and appearance of the jugal area) cannot be 
used reliably to separate species (Ferreira, 1983). More- 
over, intraspecific variability within Acanthochitona spe- 
cies is high. In many cases the identification of even the 
most common species may be problematic and the 
range of variability of the main characters has long 
been debated (e.g. Leloup, 1941, 1968). 

De Rochebrune (1882) described a species of Acanthochi- 
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tona from the Miocene of France (Serravallian), A. 
dulignoni, known for a single tail valve from Largileyre 
(Gironde, France) reported by Benoist (1882a). Cossmann 
& Peyrot (1919) consider this valve similar to Acanthochi- 
ton costatus Sacco, 1897 (now Craspedochiton mutinocrassus 
[Sacco, 1897], see Dell’Angelo et al., 2016: 90), refering to 
the valve figured by Sacco (1897: pl. 7, fig. 36), consider- 
ed as Craspedochiton? sp. by Dell’Angelo et al. (2016: 91, 
pl. 6, figs 16-19). Unfortunately the description and fig- 
ure of de Rochebrune (1882: pl. 3, fig. 5) and Cossmann 
& Peyrot (1919: pl. 2, figs 32-33) are not sufficient to iden- 
tify the species with certainty, and the type material of A. 
dulignoni is not present in the Benoist collection deposit- 
ed at MHNBx (Charles Laurent, pers. com.). Therefore, A. 
dulignoni is considered a nomen dubium. 


Acanthochitona fascicularis (Linnaeus, 1767) 
(Fig. 24) 


1767 Chiton fascicularis Linnaeus, p. 1106. 
1995 Acanthochitona fascicularis (Linneo) - Dell’Angelo & Forli, 
p. 255, figs:8, 1. 


1999 Acanthochitona fascicularis (Linnaeus) - Dell’Angelo et al., 
p. 273, pl. 5, figs. 1,3-5,.pl..5, figs 3, 4. 

1999 Acanthochitona fascicularis (Linneo) - Dell' Angelo € Smri- 
glio, p. 192, pls 64-65, figs 113-123. 

2001 Acanthochitona fascicularis (Linneo) - Dell'Angelo et al., p. 
153, Ges 30, 33: 

2004 Acanthochitona fascicularis (Linné) - Chirli, p. 16, pl. 6, figs 
9-17. 

2004 Acanthochitona fascicularis (Linnaeus) - Dell' Angelo et al., 
p. 40, pl. 3, fig. 8, pl. 4, fig. 1. 

2005 Acanthochitona fascicularis (Linnaeus) - Garilli et al., p. 
139, pl. 5, figs 1-3. | 

2007 Acanthochitona fascicularis (Linnaeus) - Dell’Angelo et al., 
p. 44, fig. 4e. 

2009 Acanthochitona fascicularis (Linnaeus) - Koskeridou et al., 
p.. 922, nes 11.3-11.8. 

2010 Acanthochitona fascicularis (Linnaeus) - Sosso & Dell'An- 
gelo, p. 15, fig, p. 17. 

2013 Acanthochitona fascicularis (Linnaeus) - Dell’Angelo et al., 
Dp: 90, pl. 10, mes A 

2016 Acanthochitona fascicularis (Linnaeus) - Dell’Angelo et al., 
p. 86, pl. 5, figs 1-11. 

2018b Acanthochitona fascicularis (Linnaeus) - Dell’Angelo et 
al., p. 41, 49, tab. 14. 


Fig. 24. A-l. Acanthochitona fascicularis (Linnaeus, 1767), France. A-H. Aquitaine Basin, Miocene (Aquitanian-Serravallian). A-C. Noaillan (Gamachot), 
Miocene (Burdigalian), MZB 50578, head valve, width 2.5 mm, dorsal, ventral and lateral views. D-F. Sallespisse, Miocene (Serravallian), MZB 50579, 
intermediate valve, width 4.2 mm, dorsal, ventral and frontal views. G, H. Saucats (Lariey, Miocene [Aquitanian]), intermediate valve (JFL), width 3.2 
mm, dorsal and frontal views. I. Ligerian Basin, Amberre (Moulin-Pochas), Late Miocene, intermediate valve (PR), width 5 mm, dorsal view. 


Fig. 24. A-l. Acanthochitona fascicularis (Linnaeus, 1767), Francia. A-H. Bacino Aquitaniano, Miocene (Aquitaniano-Serravalliano). A-C. Noaillan 
(Gamachot), Miocene (Burdigaliano), MZB 50578, piastra anteriore, larghezza 2,5 mm, viste dorsale, ventrale e laterale. D-F. Sallespisse, Miocene 
(Serravalliano), MZB 50579, piastra intermedia, larghezza 4,2 mm, viste dorsale, ventrale e frontale. G, H. Saucats (Lariey, Miocene [Aquitaniano]), 
piastra intermedia (FL), larghezza 3,2 mm, viste dorsale e frontale. I. Bacino Ligeriano, Amberre (Moulin-Pochas), Miocene superiore, piastra interme- 


dia (PR), larghezza 5 mm, vista dorsale. 


Type material: neotype designated and figured by Kaas 
(1985: p. 588, fig. 1), MNHN. 


Type locality: “in Barbaria”. Neotype: Oran, Algerie. 


Material examined 


Aquitanian: Saucats (Lariey); 1 intermediate valve, Fig. 
24. G, H (JFL). Burdigalian: Meilhan: 1 intermediate 
valve (BD); Léognan (Le Thil Kiosque 2) (PR): 1 interme- 
diate valve; Noaillan (Gamachot): 3 valves (1 head, Fig. 
24. A-C, and 2 intermediate) (AC, BD, MZB 50578); 
Pouydesseaux (Maureilhan): 4 valves (3 intermediate 
and 1 tail). Serravallian: Sallespisse: 1 intermediate 
valve, Fig. 24. D-F (MZB 50579). Late Miocene: Amberre 
(Moulin-Pochas): 6 intermediate valves, Fig. 24. I (PR). 
Maximum width of the valves: 2.5 / 5.5 / 3.1 mm. 


Remarks 


A detailed description of this species was given in 
Dell’Angelo € Smriglio (1999). Acanthochitona fascicu- 
laris is an extremely variable species with a complicat- 
ed synonymy. It is characterized by the tegmentum 
uniformly covered with small roundish granules ar- 
ranged along orderly arched lines on the valves, ex- 
cept for the jugal area, and by its flat or slightly con- 
cave surface. 

There is a certain degree of variability in the shape of 
intermediate valves; we illustrate a valve from Saucats 
(Lariey) with a high length /width ratio (Fig. 24. G-H). 


Comparisons 


Acanthochitona chauvereauensis Dell’Angelo, Landau, 
Van Dingenen & Ceulemans, 2018b from the Miocene 
(Tortonian) of the northeastern Atlantic (Anjou, France) 
differs by the smooth jugal area and the different shape 
of intermediate and tail valves (Dell’Angelo et al., 
2018b: Tab. 14). 

Two Acanthochitona species reported from the middle 
Miocene of the Paratethys, A. sandeciana Batuk, 1965, 
and A. faluniensis (de Rochebrune, 1883), differ mainly 
by the shape and size of the granules covering the teg- 
mentum as well as the ornamentation of the jugal area 
(Studencka & Dulai, 2010). 


Distribution 


Early Miocene: northeastern Atlantic (Aquitanian-Bur- 
digalian): Aquitaine Basin, France (this paper); Pro- 
to-Mediterranean Sea (Burdigalian): N. Italy (Dell’An- 
gelo et al., 2016); Middle Miocene: northeastern Atlan- 
tic (Serravallian): Aquitaine Basin, France (this paper); 
Late Miocene: northeastern Atlantic: Ligerian Basin, 
France (this paper); Proto-Mediterranean Sea (Tortoni- 
an-Messinian): Po Basin, N. Italy (Laghi, 1977; Dell’An- 
gelo et al., 1999, 2016). Pliocene: western Mediterrane- 


an, Estepona Basin, Spain (Dell'Angelo et al., 2004); 
central Mediterranean, Italy (Dell’Angelo et al., 2001, 
2013; Chirli, 2004; Sosso & Dell'Angelo, 2010). Pleisto- 
cene: central Mediterranean, Italy (Dell’Angelo & Forli, 
1995; Dell' Angelo et al., 2001), Greece, and Cyprus (Ga- 
rilli et al., 2005; Koskeridou et al., 2009). Recent: the 
whole Mediterranean Sea and the Atlantic Ocean, from 
the English Channel and Bretagne to the Azores and the 
Canary Islands (Dell’Angelo & Smriglio, 1999). 


Acanthochitona crinita (Pennant, 1777) 
(Fig. 25) 


1777 Chiton crinitus Pennant, p. 71, pl. 36, figs 1, Al. 

1995 Acanthochitona crinita (Pennant) - Dell'Angelo & Forli, p. 
236, fig. 13. 

1999 Acanthochitona crinita (Pennant) - Dell’Angelo & Smri- 
glio, p. 198, pls 66-68, figs 124-130. 

1999 Acanthochitona crinita (Pennant) - Dell’Angelo et al., p. 
2/5, pl. 5, figs 276. 

2001 Acanthochitona crinita (Pennant) - Dell’Angelo et al., p. 
159,118.32 

2004 Acanthochitona crinita (Pennant) - Dell’Angelo et al., p. 40, 
pl. 4, figs 2, 5. 

2004 Acanthochitona crinita (Pennant) - Chirli, p. 16, pl. 6, figs 
7-8. 

2009 Acanthochitona crinita (Pennant) - Koskeridou et al., p. 
322, figs 11.1-11.2. 

2010 Acanthochitona crinita (Pennant) - Sosso & Dell’Angelo, p. 
15,9. Do dz. 

2013 Acanthochitona crinita (Pennant) - Dell’Angelo et al., p. 96, 
pl. 10, figs H-M. 

2016 Acanthochitona crinita (Pennant) - Dell’ Angelo et al., p. 88, 
pl. 5, figs 12-18, pl. 6, figs 1-2. 

2018b Acanthochitona crinita (Pennant) - Dell'Angelo et al., p. 
41, 46, tab. 14. 


Type material: neotype designated and figured by Kaas 
(1985: p. 591, fig. 27), RSMNH 1978.052.02601. 


Type locality: neotype: Hebrides Islands, Monach Is- 
land, North Uist, Great Britain. 


Material examined 


Chattian, Late Oligocene: Saint-Etienne-d'Orthe (Ruis- 
seau de l'église): 1 head valve, Fig. 25. C (PR). Aquita- 
nian: Saucats (Lariey): 2 intermediate valves (JFL). Bur- 
digalian: Martillac (fossé pres du couvent de la Soli- 
tude) (JFL): 1 head valve; Lucbardez (Petit Bargues): 1 
intermediate valve (JFL); Noaillan (Gamachot): 58 
valves (5 head, 51 intermediate and 2 tail), Figs 25. A, B, 
25. D-H, 25. J, L (AC, BD, JFL, PR, MZB 50580-50582); 
Pouydesseaux (Maureilhan): 37 valves (1 head and 36 
intermediate) (BD). Serravallian: Orthez (Le Paren): 1 
intermediate valve (BD); Sallespisse Carré: 1 intermediate 
valve, Fig. 25. I (DA). 

Maximum width of the valves: 2.5 / 4.3 / 2.6 mm. 


Remarks 


Acanthochitona crinita is an extremely variable species 
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Fig. 25. A-L. Acanthochitona crinita (Pennant, 1777), France, Aquitaine Basin. A, B. Noaillan (Gamachot), Miocene (Burdigalian), MZB 50580, head 
valve, width 2.5 mm, dorsal view and close-up of surface ornamentation. C. Saint-Etienne-d'Orthe (Ruisseau de l'église), Oligocene (Chattian), head 
valve (PR), width 1.8 mm, dorsal view. D-H. Noaillan (Gamachot), Miocene (Burdigalian). D-F. MZB 50581, intermediate valve, width 4 mm, dorsal, 


close-up of surface ornamentation and frontal views. G. Intermediate valve (PR), width 2 mm, dorsal view. H. Intermediate valve (PR), width 1.9 mm, 
dorsal view. I. Orthez (Le Paren), Miocene (Serravallian), intermediate valve (BD), width 1.7 mm, dorsal view. J-L. Noaillan (Gamachot), Miocene (Bur- 
digalian), MZB 50582, tail valve, width 2.6 mm, dorsal, ventral and lateral views. Scale bars = 100 um (B, E). 


Fig. 25. A-L. Acanthochitona crinita (Pennant, 1777), Francia, Bacino Aquitaniano. A, B. Noaillan (Gamachot), Miocene (Burdigaliano), MZB 50580, 
piastra anteriore, larghezza 2,5 mm, vista dorsale e dettaglio della scultura del tegmentum. C. Saint-Etienne-d'Orthe (Ruisseau de l'église), Oligocene 
(Chattiano), piastra anteriore (PR), larghezza 1,8 mm, vista dorsale. D-H. Noaillan (Gamachot), Miocene (Burdigaliano). D-F. MZB 50581, piastra inter- 
media, larghezza 4 mm, vista dorsale, dettaglio della scultura del tegmentum e vista frontale. G. Piastra intermedia (PR), larghezza 2 mm, vista dor- 
sale. H. Piastra intermedia (PR), larghezza 1,9 mm, vista dorsale. I. Orthez (Le Paren), Miocene (Serravalliano), piastra intermedia (BD), larghezza 1,7 
mm, vista dorsale. J-L. Noaillan (Gamachot), Miocene (Burdigaliano), MZB 50582, piastra posteriore, larghezza 2,6 mm, viste dorsale, ventrale e late- 
rale. Scala = 100 um (B, E). 


with a complicated synonymy. It is characterized by the 
tegmentum uniformly covered with oval to more or less 
elongated, flat-topped, drop-shaped granules. A de- 
tailed description of this species was given in Dell'An- 
gelo & Smriglio (1999). 


These new records for the species extend the strati- 
graphic distribution of A. crinita to the Late Oligocene. 


Comparisons 


The size and shape of the granules is highly variable, 
more or less drop shaped or tending to an oval appear- 
ance. The two intermediate valves illustrated from 
Noaillan (Gamachot) (Fig. 25. G, H), of similar width (2 
and 1.9 mm, respectively) highlight the variation in size 
of the granules. 


Acanthochitona andegavensis Dell’Angelo, Landau, Van 
Dingenen & Ceulemans, 2018 from the Miocene (Torto- 
nian) of the northeastern Atlantic (Anjou, France) differs 
by the smooth jugal area and the different shape of inter- 
mediate and tail valves (Dell' Angelo et al., 2018b: tab. 14). 
Acanthochitona oblonga (Leloup, 1981) from the Mediter- 


ranean Basin and A. globosa Dell Angelo, Landau, Van 
Dingenen & Ceulemans, 2018 from the Miocene (Torto- 
nian) of the northeastern Altlantic (Anjou, France) dif- 
fers by the more elongate granules (3-5 times as long as 
wide, vs. 1-2 times in A. crinita). 

Acanthochitona pilosa Schmidt-Petersen, Schwabe & 
Haszprunar, 2015, a living species from Banyuls sur 
Mer (France), differs from A. crinita by the shape of the 
valves (intermediate valves with triangular shaped pos- 
terior end and no pronounced apex in A. pilosa, poster- 
ior margin concave at both sides of the pronounced 
apex in A. crinita, compare Pl. 5, figs 16-18 with fig. 5b 
in Schmidt-Petersen et al., 2015), more oval and densely 
packed granules, and the presence of dense dorsal 
straight spicules on the perinotum (absent or sparse, 
and curved if present in A. crinita). 


Distribution 


Late Oligocene: northeastern Atlantic (Chattian): Aqui- 
taine Basin, France (this paper). Early Miocene: north- 
eastern Atlantic (Aquitanian-Burdigalian): Aquitaine 
Basin, France (this paper); Proto-Mediterranean Sea 
(Burdigalian): N. Italy (Dell’Angelo et al., 2016); Middle 
Miocene: northeastern Atlantic (Serravallian): Aquitai- 
ne Basin, France (this paper); Proto-Mediterranean 
Sea (Langhian): Po Basin, N. Italy (Dell’Angelo et al., 
2016); Paratethys (Langhian-Serravallian): Poland 
(Batuk, 1971, 1984, as A. fascicularis); Late Miocene: Pro- 
to-Mediterranean Sea (Tortonian-Messinian): Po Basin, 
N. Italy (Dell’Angelo et al., 1999, 2016). Pliocene: west- 
ern Mediterranean, Estepona Basin, Spain (Dell'Angelo 
et al., 2004); central Mediterranean, Italy (Dell’Angelo et 
al., 2001, 2013; Chirli, 2004; Sosso & Dell’Angelo, 2010). 
Pleistocene: central Mediterranean, Italy (Dell’Angelo 
& Forli, 1995; Dell’Angelo et al., 2001), Greece (Koskeri- 
dou et al., 2009). Recent: Mediterranean Sea and the At- 
lantic coast of Europe (as far north as Norway), plus 
Madeira, the Azores, the Canary Islands, and the Cape 
Verde Archipelago (Dell’Angelo & Smriglio, 1999). 


Acanthochitona sp. 
(Fig. 26) 


Material examined 


Burdigalian: Noaillan (Gamachot): 1 intermediate 
valve, width 2.5 mm, Fig. 26. A-C (PR). 


Remarks 


This single intermediate valve from Noaillan (Gama- 
chot) is characterized by the apex just outlined, not 
prominent, the posterior margin almost straight, the 
large jugal area strongly longitudinally striated with the 
anterior margin convex, the high height/width ratio, 
the large roundish to elliptical granules, and the large 
apophyses. 

These characters do not agree with those of the other 
named Miocene to present day European Acanthochito- 
na species. However, as it is represented by a single 
intermediate valve, we could not identify it with 
certainty so have left it as Acanthochitona sp., awaiting 
further material. 


Distribution 


Early Miocene: northeastern Atlantic (Burdigalian): 
Aquitaine Basin, France (this paper). 


Genus Pseudoacanthochitona (Sulc, 1934) 


Type species: Cryptoconchus (Pseudoacanthochiton) steina- 
brunensis Sulc, 1934, by original designation. 


Distribution: the genus is known from the middle Mio- 
cene of Paratethys (Sulc, 1934). 


Pseudoacanthochitona marsanensis n. sp. 
(Fig. 27) 


Type material: holotype MZB 50583, tail valve, width 
3.8 mm, Fig. 27. A-F. 


Type locality: Pouydesseaux (Maureilhan), France. 


Type stage 
Miocene (Early Burdigalian). 


Fig. 26. A-C. Acanthochitona sp., Noaillan (Gamachot), France, Aquitaine Basin, Miocene (Burdigalian), intermediate valve (PR), width 2.5 mm, dorsal, 
ventral and frontal views. 


Fig. 26. A-C. Acanthochitona sp., Noaillan (Gamachot), Francia, Bacino Aquitaniano, Miocene (Burdigaliano), piastra intermedia (PR), larghezza 2,5 


mm, viste dorsale, ventrale e frontale. 


93UeJ4 UJ3ISIM ‘ulseg UBIIabI7 pue “adueJy UJa]saMynos “urseg aulemby ay} jo (e1oydode|dA|od :BISNJ[OIN) SUONUI BUBDOI| 07 BUSDOHI|O dYL 


41 


OSSOS OIZIINEIA 8 pneznj> ulejy “uodsa7] sioduel4-uear ‘ojabuy,|jaq ounIg 


42 


Etymology 


From the Pays de Marsan, area of central Landes (S.-W. 
France). 


Description 


Tail valve circular, width/length ratio of tegmentum 
area = 1.10, anterior margin strongly convex, jugal area 
triangular, not raised, mucro subcentral, not elevated 
and poorly developed, anterior slope slightly convex, 
posterior slope straight. 

Tegmentum covered with small, roundish, elevated 
granules, irregularly disposed, only in jugal area, 
giving the impression of forming sinuous longitudinal 
striae. 

Articulamentum thick, expanded around posterior 
margin, apophyses trapezoidal, posterior margin not 
uniform, with a large posterior callus, and seven slits, 


two deep and strong and five less developed located in 
between them. 


Remarks 


A single tail valve is present in the studied material, 
which is superficially similar to a tail valve of the genus 
Acanthochitona, but with important differences concern- 
ing the jugal area and the articulamentum. 

The jugal area, not raised and in continuity with the 
pleural areas, has the same type of sculpture formed by 
small, roundish and elevated granules, but arranged 
more regularly, giving the impression of forming sinu- 
ous longitudinal striae (Fig. 27. E); the profile of the 
valve is evenly rounded (Figs 27. E I). Other species of 
Acanthochitona without a well defined jugal area are 
known (e.g. A. lanae Sirenko & Saito, 2017 from Viet 
Nam), but these reports are very scarce. 

The articulamentum is expanded around the posterior 


Fig. 27. A-I. Pseudoacanthochitona marsanensis n. sp., Pouydesseaux (Maureilhan), France, Aquitaine Basin, Miocene (Burdigalian), MZB 50583, 


holotype, tai 


valve, width 3.8 mm, postero-dorsal (A) and lateral (B) views, close-up of surface ornamentation (C), ventral view (D), close-up of gran- 


ules in jugal area (E), dorso-anterior view (F), close-up of the four small insertion teeth at the posterior margin (G, H) and anterior view (I). 


Fig. 27- A-l. Pseudoacanthochitona marsanensis n. sp., Pouydesseaux (Maureilhan), Francia, Bacino Aquitaniano, Miocene (Burdigaliano), MZB 50583, 
olotipo, piastra posteriore, larghezza 3,8 mm, viste postero-dorsale (A) e laterale (B), dettaglio della scultura del tegmentum (C), vista ventrale (D), 
dettaglio dei granuli nell'area jugale (E), vista dorso-anteriore (F), dettaglio dei quattro piccoli denti di inserzione nel margine posteriore (G, H) e vista 


anteriore (I). 


margin, which is not uniform throughout, with two 
protrusions and strong slits that, based on their pos- 
ition, correspond to the incisions in the genus Acantho- 
chitona. A further five weaker incisions are placed be- 
tween the primary slits, partially closed by a large back 
callus, that delimit four small, sharp teeth (Fig. 27. G, 
H). The number of slits can therefore be considered 7 (2 
+ 5). 

Sulc (1934: p. 16) described the new subgenus Pseudo- 
acanthochiton for species characterized by “The larger 
number of cuts on the tail valve, of which two, however, that, 
based on their position, correspond to the incisions in the genus 
Acanthochiton, are much better developed than the other 
ones located in between them... This structure closely ap- 
proaches [that of] the genus Acanthochiton, but the presence 
of a larger number of incisions forces us to place them in the 
genus Cryptoconchus”, translation by A. Kroh. The sub- 
genus Pseudoacanthochiton (Sulc, 1934) was subsequent- 
ly synonymized with Acanthochitona Gray, 1821 (Smith, 
1960; Van Belle, 1981; Batuk, 1984; Dell’Angelo et al., 
2013), mainly highlighting that some tail valves of Acan- 
thochitona with additional slits on the insertion plate 
had been reported [e.g. Batuk (1984: p. 292, tail valves 
of Acanthochitona fron the middle Miocene of Poland); 
Dell'Angelo et al. (1999: p. 274, pl. 6, fig. 3-4, two living 
tail valves of A. fascicularis from Porto Garibaldi, Italy); 
Garilli et al. (2005: p. 139, a tail valve of A. fascicularis 
from the Pleistocene of Greece); Dell’Angelo et al. (2013: 
p. 96, pl. 10, fig. F-G, a tail valve of A. fascicularis from 
the Pliocene of Italy]. However, all these reports illus- 
trate valves that correspond in all respects to the valves 
of Acanthochitona, with the exception of the additional 
slits, which are, however, similar to the two slits typical 
of the genus Acanthochitona. 

The single tail valve present in our material is different, 
the five weaker incisions located in between the two 
deep and strong slits are much less developed and ir- 
regular, and we describe it as a new species, and attri- 
bute it to Pseudoacanthochitona (Sulc, 1934), herein ele- 
vated to genus level. 


Distribution 


Early Miocene: northeastern Atlantic (Burdigalian): 
Aquitaine Basin, France (this paper). 


Genus Craspedochiton Shuttleworth, 1853 


Type species: Chiton laqueatus Sowerby, 1841, by mono- 
typy- 


Distribution 


The genus is known from the Eocene to the present-day, 
with a living distribution in the Atlantic (African coast), 
and temperate and (sub-) tropical Indo-Pacific (Schwabe 
& Els, 2019). The fossil record extends back to the late 
Eocene or early Oligocene in Washington, U.S.A. 
(Dell’Angelo et al., 2011) and the Miocene-Pleistocene 


in Europe (Sulc, 1934, Kroh, 2003; Dell'Angelo et al., 
2004, 2013, 2016, 2017; Garilli et al. 2005; Studencka & 
Dulai, 2010). 


Remarks 


The genus Craspedochiton in the Miocene of N. Italy was 
recently revised by Dell'Angelo et al. (2016), resulting 
in the recognition of four valid species, two known only 
from the Miocene of Italy (C. mutinocrassus [Sacco, 1897] 
and C. brunettii Dell Angelo, Giuntelli, Sosso & Zunino, 
2016) and two with wider geographic and/or stratigraph- 
ic distribution in Europe (C. altavillensis [Seguenza, 
1876] and C. minutulus Batuk, 1971). A fifth European 
species, Craspedochiton schafferi (Sulc, 1934) is known 
only from the middle Miocene (Badenian) of the Parate- 
thys (Kroh, 2003). Schwabe éz Els (2019) presented an 
emended diagnosis of the genus Craspedochiton, 
agreeing with the features of the species of Craspedochi- 
ton discussed herein. 


Craspedochiton altavillensis 
(Seguenza, 1876) 
(Fig. 28) 


1876 Chiton altavillensis Seguenza, p. 264. 

1882 Gymnoplax deslongchampsi de Rochebrune, p. 69, pl. 3, fig. 
6. 

1897 Acanthochiton costatus? var. astensis Sacco, p. 91, pl. 7, figs 
39-47. 

1905 Acanthochites profascicularis Boettger, p. 208, n° 702. 

1934 Cryptoconchus (Craspedoplax) profascicularis (Boettger) - 
Zileh, p; 199, pil, ties 17. 

1977 Craspedochiton deslongchampsi (Rochebrune) - Laghi, p. 
112, pl. 4, figs 4-8. 

1988 Craspedochiton altavillensis (Seguenza) - Dell'Angelo & 
Palazzi, p. 174, fig. 1. 

1999 Craspedochiton altavillensis (Seguenza) - Dell’Angelo et al., 
270 Pl Ghee: 2, o: 

2003 Craspedochiton altavillensis (Seguenza) - Dell’Angelo et al., 
p. 1193, fig. 1-1, 1-2. 

2004 Craspedochiton altavillensis (Seguenza) - Chirli, p. 17, pl. 6, 
fig. 18. 

2004 Craspedochiton altavillensis (Seguenza) - Dell Angelo et al., 
p. 40, pl. 2, figs 4, 7. | 

2005 Craspedochiton altavillensis (Seguenza) - Garilli et al., p. 
140, pl. 5, figs 4-10. 

2010 Craspedochiton altavillensis (Seguenza) - Sosso & Dell'An- 
gelo, p. 15, unnumbered fig. p. 17. 

2011 Craspedochiton altavillensis (Seguenza) - Garilli, p. 106, 
108. 

2012 Craspedochiton altavillensis (Seguenza) - Dell’ Angelo et al., 
p. 64, figs 6D-H. 

2013 Craspedochiton altavillensis (Seguenza) - Dell’ Angelo et al., 
p. 97, pl. 10, figs R-W. 

2016 Craspedochiton altavillensis (Seguenza) - Dell' Angelo et al., 
p. 89, pl. 6, figs 5-11. 


Type material: neotype: MZB 7062 (head valve), desig- 
nated by Dell'Angelo & Palazzi (1989: fig. 1). 


Type locality: Altavilla Milicia (Palermo, Sicily), Italy. 
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Fig. 28. A-F. Craspedochiton altavillensis (Seguenza, 1876), France, Aquitaine Basin, Miocene (Burdigalian). A-C. Meilhan (Vives quarries), MZB 50584, 
intermediate valve, width 5.3 mm, dorsal, ventral and frontal views. D. Meilhan (Vives quarries), MZB 50585, intermediate valve, width 2.5 mm, 
dorsal view. E, F. Léognan (Pont-Saint-Martin), intermediate valve (JFL), width 6 mm, dorsal and ventral views. 


Fig. 28A-F. Craspedochiton altavillensis (Seguenza, 1876), Francia, Bacino Aquitaniano, Miocene (Burdigaliano). A-C. Meilhan (Vives quarries), MZB 
50584, piastra intermedia, larghezza 5,3 mm, viste dorsale, ventrale e frontale. D. Meilhan (Vives quarries), MZB 50585, piastra intermedia, larghezza 
2,5 mm, vista dorsale. E,F. Léognan (Pont-Saint-Martin), piastra intermedia (JFL), larghezza 6 mm, viste dorsale e ventrale. 


Type stage 


Pliocene. 


Material examined 


Burdigalian: Meilhan: 10 intermediate valves, max- 
imum width 5.8 mm, Fig. 28. A-D (BD, MZB 50584- 
50585); Léognan (Pont St Martin): 1 intermediate valve, 
width 6 mm, Fig. 28. E, F (JFL). 


Remarks 


Craspedochiton altavillensis (Seguenza, 1876) is character- 
ized by a tegmentum covered with large, elevated gran- 
ules of irregular shape, except on the jugal area. The 
shape, the elevation and the density of the granules and 
the granulation patterns are highly variable, from single 
granules, regularly ellipsoidal, to coalescent granules 
forming irregular cords. 

The synonymy of Craspedochiton deslongchampsi (de Ro- 
chebrune, 1882) with the senior accepted name C. al- 
tavillensis is discussed by Dell'Angelo & Palazzi (1989), 
who also designated a neotype after verifying the lack 
of type material of Seguenza (Bertolaso & Palazzi, 
2000). 

Acanthochites profascicularis Boettger, 1905 was described 
on the basis of a single small head valve (width 6 mm) 
found at Costei (Early Badenian, Romania), and later 
figured by Zilch (1934: fig. 2b). Subsequent authors con- 
sidered Boettger's species, A. profascicularis, either as a 
distinct species or as a synonym of Sacco's species, Acan- 
thochiton costatus. Dell’Angelo et al. (1999) attributed 
Boettger’s (1905) species to the genus Craspedochiton, 
and considered C. profascicularis a junior subjective syno- 
nym falling within the variability of C. altavillensis. 

The material at hand is morphologically undistin- 


guishable from C. altavillensis originally described from 
the Pliocene of Sicily, Mediterranean Basin (Dell’Angelo 
& Palazzi, 1989; Dell'Angelo et al., 1999). The species 
has also been reported from the early Miocene (Burdi- 
galian) of the Turin Hills, Piedmont (Dell’Angelo et al., 
2016) up to the Pleistocene of Greece (Garilli et al, 
2005). Such an extended stratigraphic range with differ- 
ent paleoclimatic scenarios and paleobiogeographic 
distribution is suspect. It may well be that we are deal- 
ing with a group of morphologically closely-related 
species. We provisionally adopt a conservative ap- 
proach and use the species name in a broad sense pend- 
ing further study. 


Comparisons 


The differences among Craspedochiton altavillensis and 
the other three species of Craspedochiton known from 
Italy (C. mutinocrassus (Sacco, 1897), C. brunettii Dell’An- 
gelo, Giuntelli, Sosso & Zunino, 2016 and C. minutulus 
Batuk, 1971) were explained in Dell'Angelo et al. (2016). 
Craspedochiton schafferi (Sulc, 1934), known from a single 
tail valve from the middle Miocene (Badenian) of Para- 
tethys, whose holotype was figured in Kroh (2003, pl. 2, 
fig. 4), shows a rounded shape (more elongated in C. 
altavillensis), a different number of slits (7 vs. 9 in tail 
valve of C. altavillensis), and different antemucronal and 
postmucronal slopes (postmucronal slope slightly con- 
cave under the apex, vs. antemucronal and post- 
mucronal slopes almost straight in C. altavillensis). 

For the differences with Craspedochiton lozoueti n. sp. 
and C. fontlevensis n. sp. see below. 


Distribution 


Early Miocene: northeastern Atlantic (Burdigalian): 
Aquitaine Basin, France (this paper); Proto-Mediter- 


ranean Sea (Burdigalian): N. Italy (Dell’Angelo et al., 
2016); Middle Miocene: Paratethys (Langhian-Serraval- 
lian): Poland, Romania (Zilch, 1934; Dell'Angelo et al,, 
1999); Late Miocene: Proto-Mediterranean Sea (Torto- 
nian-Messinian): Po Basin, N. Italy (Laghi, 1977; 
Dell’Angelo et al., 1999, 2016). Pliocene: western Medi- 
terranean, Estepona Basin, Spain (Dell’Angelo et al., 
2004); central Mediterranean, Italy (Dell’Angelo et al., 
2001, 2012, 2013; Chirli, 2004; Sosso & Dell'Angelo, 
2010). Pleistocene: central Mediterranean, Italy, and 
Greece (Garilli et al., 2005). 


Craspedochiton lozoueti n. sp. 
(Fig. 29) 


J 


Type material: holotype: MHNBx 2020.2.8, tail valve, 
width 3 mm, Fig. 29. J-L. Paratypes: MHNBx 2020.1.6, 
head valve, width 4 mm, Fig. 29. A, B; MHNBx 2020.1.5, 
intermediate valve, width 4.5 mm, Fig. 29. D-F. 


Type locality: Gaas, France. 


Type stage 


Oligocene (Rupelian). 


Etymology 


In honor Pierre Lozouet's contribution to the knowledge 


K L 


Fig. 29. A-L. Craspedochiton lozoueti n. sp., Gaas, France, Aquitaine Basin, Oligocene (Rupelian). A, B. MHNBx 2020.1.6, paratype, Gaas (Lagouarde), 
head valve (AD), width 4 mm, dorsal and ventral views. C. Gaas (Larrat), head valve (JCV), width 3.4 mm, dorsal view. D-F. MHNBx 2020.1.5, para- 
type, Gaas (Lagouarde), intermediate valve (AD), width 4.5 mm, dorsal, ventral and frontal views. G-H. Gaas (Lagouarde), intermediate valve (DA), 
width 4 mm, dorsal and frontal views. I. Gaas (Espibos), tail valve (DA), width 3.1 mm, dorsal view. J-L. MHNBx 2020.2.8, holotype, Gaas (Lagouarde), 


tail valve (AC), width 3 mm, dorsal, ventral and lateral views. 


Fig. 29. A-L. Craspedochiton lozoueti n. sp., Gaas, Francia, Bacino Aquitaniano, Oligocene (Rupeliano). A, B. MHNBx 2020.1.6, paratipo, Gaas (La- 
gouarde), piastra anteriore (AD), larghezza 4 mm, viste dorsale e ventrale. C. Gaas (Larrat), piastra anteriore (JCV), larghezza 3,4 mm, vista dorsale. 
D-F. MHNBx 2020.1.5, paratipo, Gaas (Lagouarde), piastra intermedia (AD), larghezza 4,5 mm, viste dorsale, ventrale e frontale. G-H. Gaas (Lagouar- 
de), piastra intermedia (DA), larghezza 4 mm, viste dorsale e frontale. I. Gaas (Espibos), piastra posteriore (DA), larghezza 3,1 mm, vista dorsale. J-L. 
MHNBx 2020.2.8, olotipo, Gaas (Lagouarde), piastra posteriore (AC), larghezza 3 mm, viste dorsale, ventrale e laterale. 


29UEIJ UJ3Isam ‘ulseg uelsabi] pue ‘a9UeIj Wa}SaMyNos “uiseg aurelinby ay} jo (e1oydoe¡dÁjOg :PISNJ[OIN) SUONYI 2USIOINN 0] BUaDOHI|O ay 


45 


OSSOS OIZUNeW| 9 Ppnezn¡> ulejy “odsa7 sioduel4-uea( “ojabuy,|j9g ounJg 


46 


and revision of french Rupelian species (Stampian) and 
some recent species of Polyplacophora. 


Other material examined 


Oligocene (Rupelian): Gaas (Espibos): 3 valves (2 inter- 
mediate and 1 tail), Fig. 29. I (AC, DA); Gaas 
(Lagouarde): 13 intermediate valves, Fig. 29. G-H (AC, 
DA); Gaas (Larrat): 1 head valve, Fig. 29. C (JCV). Max- 
imum width of the valves: 4 / 4.5 / 3.1 mm. 


Description 


Head valve semicircular, with five well evident radial 
ribs. Intermediate valve trapezoidal, width less than 
twice length (width /length ratio of the tegmentum area 
= 1.78), rounded to semicarinate in anterior profile, mod- 
erately elevated (H/L = 0.44), anterior margin almost 
straight in jugum, side margins rounded, posterior mar- 
gin slightly concave at both sides of prominent apex, lat- 
eral areas not separated from central area. Tail valve al- 
most circular, mucro subcentral, not elevated and poorly 
developed, anterior and posterior slopes almost straight. 
Tegmentum covered with large, elevated granules of ir- 
regular shape, except on jugal area, furrowed by strong 
longitudinal cords (poorly delimited in jugal area 
abraded in tail valve). Shape of granules highly vari- 
able, from single granules, regularly ellipsoidal, to co- 
alescent granules. 

Articulamentum with trapezoidal and widely separat- 
ed apophyses, expanded in tail valves, insertion lamina 
reduced to narrow band in head valves, large posterior 
callus in tail valves, slit formula 5/1/7, teeth broad, 
roughed dorsally, more irregular in tail valves, slits 
deep, dorsally slightly elevated, forming channel. 


Comparisons 


Sulc (1934) described Cryptoconchus (Notoplax) schafferi 
based on a single tail valve from the middle Miocene 
(Badenian) of Niederleis (Austria). This valve (holo- 
type) is preserved at NHMW (NHMW 1863/00015/0861) 
and was recently figured by Kroh (2003: p. 135, pl. 2, 
fig. 4). The species remains poorly known as no add- 


itional material has been found since its original descrip- 
tion. The material from the early Badenian of Korytnica 
attributed to this species (Batuk, 1971) was later revised 
and placed into the species Craspedochiton profascicularis 
(Boettger, 1905) [= C. altavillensis (Seguenza, 1876)] by 
Batuk (1984). The valve described by Sulc is close to the 
best preserved tail valve studied herein from Gaas (Fig. 
29. J, L), but differs in the smooth jugal area, whereas 
the valves of C. lozoueti n. sp. are strongly sculptured 
with longitudinal cords. In view of the sculptural differ- 
ences discussed above, the conspicuous difference in 
stratigraphic age (middle Oligocene for C. lozoueti vs. 
middle Miocene for C. schafferi), and the unavailability 
of head and intermediate valves of C. schafferi for more 
accurate comparisons, we prefer to introduce a new 
name for the Rupelian material. 


Distribution 


Middle Oligocene: northeastern Atlantic (Rupelian): 
Aquitaine Basin, France (this paper). 


Craspedochiton fontlevensis n. sp. 
(Fig. 30) 


Type material: Holotype: MHNBx2020.4.1, tail valve, 
width 2.8 mm, Fig. 30. A-C. 


Type locality: Noaillan (Gamachot), France. 


Type stage 
Miocene (Early Burdigalian). 


Etymology 


Collected in the banks of the stream Font de la Lève 
which crosses the Burdigalian faluns, border between 
the two communes Noaillan and Uzeste in South-East 
Gironde. 


Description 


Tail valve oval, width /length ratio of tegmentum area = 


Fig. 30. A-C. Craspedochiton fontlevensis n. sp., Noaillan (Gamachot), France, Aquitaine Basin, Miocene (Burdigalian), MHNBx 2020.4.1, holotype, 
tail valve (BD), width 2.8 mm, dorsal, ventral and lateral views. 


Fig. 30. A-C. Craspedochiton fontlevensis n. sp., Noaillan (Gamachot), Francia, Bacino Aquitaniano, Miocene (Burdigaliano), MHNBx 2020.4.1, oloti- 
po, piastra posteriore (BD), larghezza 2,8 mm, viste dorsale, ventrale e laterale. 


1.73, anterior margin convex, mucro subcentral, almost 
flat and poorly developed, anterior slope slightly con- 
vex, posterior slope weakly concave. — 

Tegmentum covered with small granules of irregular 
shape, coalescent to form irregular striae near lateral 
areas. 

Articulamentum thick, apophyses trapezoidal, widely 
separated by an unconnected sinus, teeth broad, higly 
irregular, ten deep slits. 


Remarks 


The single tail valve at hand is not well preserved, but 
the shells characters are so distinctive and well defined 
that they warrant description as a new species. 


anterior margin 


probably furrowed by 
strong longitudinal 
cords 


large irregular 
granules, except in 
jugal area 


Distribution Oligocene, Rupelian 


(France) 


Craspedochiton fontleoensio np 
outline circular oval bell shaped at the top, circular 
semicircular in the 
lower part 


concave convex 
bordering a large jugal 
area 


eroded 


mucro subcentral, not elevated | subcentral, not elevated | subcentral, not elevated | subcentral, not elevated 
and poorly developed | and poorly developed | and poorly developed | and poorly developed 

slightly convex slightly convex 

slightly concave slightly convex 


small irregular granules 


apophyses trapezoidal, expanded trapezoidal expanded with trapezoidal, not 
rounded edges expanded 
ES PA AS ESE A O ee 


Miocene, Burdigalian 
(France) 


Comparisons 


Craspedochiton fontlevensis n. sp. differs from the other 
two species of Craspedochiton described herein mainly 
for the tegmentum sculpture and the oval shape of the 
single tail valve known. We have summarised in Tab. 5 
the main characters of the tail valves of the species of 
Craspedochiton discussed in this paper [not including C. 
altavillensis (Seguenza, 1876)] because tail valves are not 
present in the studied material), and of the other two 
species known only for a single tail valve from euro- 
pean Miocene, C. brunettii Dell Angelo, Giuntelli, Sosso 
& Zunino, 2016 from the Miocene (Tortonian) of N. Italy, 
and C. schafferi (Sulc, 1934) from the middle Miocene 
(Badenian) of Paratethys), for completeness. 


slightly sinuous 


large and triangular, 


without granules 


slightly concave 


large irregular 
granules, except in 
jugal area 


large irregular 
granules, except in 
jugal area 


Middle Miocene 
(Paratethys) 


Miocene, Tortonian 
(Italy 


Tab. 5. Main diagnostic characters of tail valves of species of Craspedochiton from the European Oligocene-Miocene. Notes: ' Unpublished data, by 


checking the holotype at NHMW. 


Tab. 5. Principali caratteri diagnostici delle piastre posteriori delle specie di Craspedochiton dall'Oligocene-Miocene europeo. Notes: * Dati non pub- 


blicati, dallo studio dell'olotipo al NHMW. 


Distribution 


Early Miocene: northeastern Atlantic (Burdigalian): 
Aquitaine Basin, France (this paper). 


Family Cryptoplacidae H. & A. Adams, 1858 
Genus Cryptoplax de Blainville, 1818 


Type species: Chiton larvaeformis de Blainville in Burrow, 
1815, by subsequent designation (Gray, 1821). 


Distribution 


The genus is known from the Miocene to the present- 


day, with a living distribution in tropical and temperate 
Indian and central western Pacific Oceans and the Red 
Sea (Gowlett-Holmes, 2001). The fossil record extends 
back to the Miocene in Europe (Dell’Angelo et al., 1999, 
2016; Dulai, 2001, 2005; Ruman € Hudácková, 2015), 
Melanesia (Fiji Isl.: Schwabe et al., 2008) and W. Pacific 
Isl. (Ladd, 1966), and to the Pleistocene in Red Sea (Sel- 
li, 1944, 1973). 

Three species of Cryptoplax are known from the Mio- 
cene of Europe, C. weinlandi Sulc, 1934 from the mid- 
dle-late Miocene of N. Italy and the middle Miocene of 
Paratethys, C. lanceolatus Laghi, 1977 from the late Mio- 
cene of N. Italy, and C. margitae Dulai, 2001 from the 
middle Miocene of Paratethys. 
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Cryptoplax margitae Dulai, 2001 
(Fig. 31) 


2001 Cryptoplax margitae Dulai, p. 45, pl. 4, figs 1-6. 

2005 Cryptoplax margitae Dulai - Dulai, p. 42, pl. 8, figs 13-16. 
2005 Cryptoplax margitae Dulai - Schwabe, p. 98. 

2007 Cryptoplax margitae Dulai - Dell’Angelo et al., p. 47. 
2008 Cryptoplax margitae Dulai - Pálfy et al., p. 98. 

2016 Cryptoplax margitae Dulai - Dell'Angelo et al., p. 95. 


Type material: holotype: HNHM, Department of Geol- 
ogy and Paleontology; inventory number: M.99.113, an 
intermediate valve. 


Type locality: Borehole Szokolya-2, 92.7-93 m; Bórzsóny 
Mts, Hungary, Central Paratethys. 
Type stage 


Middle Miocene (Badenian), marly sandstone. 


Material examined 


Miocene (Burdigalian): Meilhan: 1 head valve, width 
1.3 mm, Fig. 31. A-B (MZB 50586); Noaillan (Gama- 
chot): 3 intermediate valves, maximum width 1.7 mm, 
Fig. 31. C-F (BD, MZB 50587). 


Remarks 


Until now, this species from the Early Badenian of Hun- 
gary, is known from only two intermediate valves re- 


ported from two different localities (Dulai, 2001, 2005), 
and is characterized by the pentagonal outline and the 
lateral areas ornamented by five longitudinal rows of 
rounded granules each side. 

We have at our disposal four valves, one head (partly 
eroded) and three intermediate. The intermediate 
valves agree closely with the characteristics of Crypto- 
plax margitae from Hungary (compare with the inter- 
mediate valve figured by Dulai, 2005: pl. 4, fig. 13). 
The head valve semi-elliptical, the tegmentum occupy- 
ing a large amount of the whole valve, the anterior mar- 
gin is rounded, the posterior is angulated. Tegmentum 
has elongate granules arranged in radial ribs, some of 
them fused together. Articulamentum is whitish, slits 
not well visible. 


Comparisons 


The widespread european Miocene species, Cryptoplax 
weinlandi Sulc, 1934 is characterized by the pleurolateral 
areas ornamented by a few (up to six per side) longitu- 
dinal, slightly undulating ribs, in intermediate and tail 
valves, different from the longitudinal rows of rounded 
granules of C. margitae. 

A species with a sculpture more similar to C. margitae is 
C. lanceolatus Laghi, 1977, known from two valves (head 
and tail) from the Miocene (Tortonian) of Montegibbio 
(Modena). Recently Dell'Angelo et al. (2016) attributed 
a single intermediate valve (from the same locality) to 
C. lanceolatus. Despite the similar sculpture, the outline 
of the intermediate valves is different (compare with 
Dell'Angelo et al., 2016: pl. 7, fig. 26-28) and the valves 


Fig. 31. A-F. Cryptoplax margitae Dulai, 2001, France, Aquitaine Basin, Miocene (Burdigalian). A, B. Meilhan (Vives quarries), MZB 50586, head valve, 
width 1.3 mm, dorsal and lateral views. C-F. Noaillan (Gamachot). C. MZB 50587, intermediate valve, width 1.7 mm, dorsal view. D-F. Intermediate 
valve (BD), width 1.3 mm, dorsal, ventral and lateral views. 


Fig. 31. A-F. Cryptoplax margitae Dulai, 2001, Francia, Bacino Aquitaniano, Miocene (Burdigaliano). A, B. Meilhan (Vives quarries), MZB 50586, pia- 
stra anteriore, larghezza 1,3 mm, viste dorsale e laterale. C-F. Noaillan (Gamachot). C. MZB 50587, piastra intermedia, larghezza 1,7 mm, vista dor- 
sale. D-F. Piastra intermedia (BD), larghezza 1,3 mm, viste dorsale, ventrale e laterale. 


are smaller (width 1.3 mm vs. 3 mm of C. lanceolatus). — Distribution 
Considering the scant material representing these two 
species (C. margitae and C. lanceolatus), we prefer to con- 
sider them as distinct, awaiting further material. 


Early Miocene: northeastern Atlantic (Burdigalian): 
Aquitaine Basin, France (this paper); Middle Miocene: 
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Ischnochiton abbessi (Cherns & Schwabe, 2017) 
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Spinochiton gaasi (Cherns & Schwabe, 2017) 
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Tonicella tenuissima (Sandberger, 1859) 
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Tab. 6. Number of valves found in the Aquitaine and Ligerian Basins and their stratigraphy. 


Tab. 6. Numero delle piastre raccolte nei Bacini Aquitaniano e Ligeriano e loro distribuzione stratigrafica. 
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Paratethys (Langhian-Serravallian): Hungary (Dulai, gelo et al., 2018a and herein), and 1 classified at genus 
2001, 2005). level only (Tab. 6). Spinochitonidae n. fam. and Spino- 
| chiton n. gen. are described in the first part of this pro- 
ject (Dell’Angelo et al., 2018a), and has been redefined 
Discussion to meet the requirements of the Article 8.5 of ICZN for 
| NESE electronic publications (Dell’Angelo et al., 2019b). The 
The following considerations take into account the three species described by de Rochebrune (1882) from 
whole of the chiton fauna hitherto recorded for the Oli-  Gaas (Lepidopleurus daubrei, Tonicia waltebledi and T. gaa- 
gocene to Miocene of Aquitanian Basin and only one  sensis) are considered nomina dubia. 
outcrops (late Miocene stage not yet well determined, 
Messinian?) from Ligerian Basin, also the families Lepto- The chiton material at hand is entirely represented by 
chitonidae, Hanleyidae, Ischnochitonidae, Chitonidae,  disarticulated valves. This is usual for fossil chitons, as 
Spinochitonidae and Schizochitonidae reported in our  post-mortem instantaneous disarticulation is the com- 
previous contribution (Dell’Angelo et al., 2018a). monest preservation for polyplacophorans (Dell’Angelo 
The total chiton material consists of 5,357 valves be-  & Giusti, 1997; Dell’Angelo et al., 1998, 2004; Peebles et 
longing to 42 species, 23 of which are already known,  al., 2017), with only a few exceptions in the fossil record 
18 have been described as part of this project (Dell’An-  (Dell'Angelo et al., 2003; Cabrera & Olivero, 2011). Ta- 
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Tab. 7. Palaeogeographical and geochronological distribution of the species from Aquitaine and Ligerian Basins discussed during our studies, and their 
post-Oligocene presence (AB = Aquitaine Basin; LB = Ligerian Basin; NI = Northern Italy; NSB = North Sea Basin; PR = Paratethys). 


Tab. 7. Distribuzione paleogeografica e geocronologica delle specie qui discusse dai Bacini Aquitaniano e Ligeriano, ed indicazione della loro presen- 
za successiva all'Oligocene (AB = Bacino Aquitaniano; LB = Bacino Ligeriano; NI = Italia settentrionale; NSB = Bacino del Mare del Nord; PR = Para- 
tetide). 


phonomically, the aragonitic valves are in general well 
preserved, although some display some degree of 
breakage, dissolution or abrasion, either partially masking 
or enhancing ornamental traits, consistent with the 
taphonomic processes seen in chitons (Peebles et al., 
2017; Peebles & Smith, 2018, 2019). 


The majority of valves (91.4% of the total) were found at 
Gaas. Although the collection was made without an es- 
tablished quantitative strategy, all valves found were 
included, and from the relative abundances Lepidochito- 
na oligocaena appears to be the most abundant species, 
comprising 67.2% of the total number of valves (75.3% 
of the total number of valves of all the species of Lepido- 
chitona found at Gaas). The other species are much less 
abundant, only four have a relative abundance higher 
than 3%: Lepidochitona tarbelliana n. sp., Tonicella nuda n. 
sp., L. reussi and L. tessellata n. sp. (6.6%, 4.3%, 4.2% and 
3% of the total number of valves respectively). At the 
opposite extreme, 12 species (Leptochiton cf. L. josei, Para- 
chiton statianus, P. palmorum, Ischnochiton abbessi, Steno- 
semus dolii, Connexochiton vivesi, Lepidochitona vancuycki 
n. sp., L. cf. canariensis, Acanthochitona sp., Pseudoacantho- 
chitona marsanensis, Craspedochiton fontlevensis and Cry- 
ptoplax margitae) are represented by only one or two 
valves. 


Taxa discussed here pertain to species only known in 
Oligocene to Quaternary deposits of Europe (Tab. 7). 

Thirteen species were formerly known for the Aquitai- 
ne Basin: three described by Rolle, 1862 (Chiton oligo- 
caenus, C. reussi, C. modestus), five by de Rochebrune, 
1882 (Acanthochites dulignoni, Gymnoplax benoisti, Tonicia 
gaasensis, T. waltebledi, Lepidopleurus daubrei), plus Chiton 
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10 


Pliocene 


Miocene 
Oligocene 


miocenicus Michelotti, 1847, C. leognanensis Cossmann & 
Peyrot, 1917 and three species described by Cherns & 
Schwabe, 2019 (Stenoplax monila, Chaetopleura gaasi and 
C. abbessi). Two of these were discussed in the first part 
of this work, Gymnoplax benoisti (now Lepidopleurus be- 
noisti) and Chiton miocenicus, but the latter was not pres- 
ent in the studied material, the report of C. miocenicus 
by Cossmann & Peyrot, 1919 is incorrect (Dell'Angelo et 
al., 2018a, see under Lepidopleurus benoisti) and so we 
can exclude the presence of Chiton miocenicus from the 
early Miocene of the Aquitaine Basin, correcting what is 
reported in Dell'Angelo et al. (2016: 82). Three species 
described by de Rochebrune, 1882 (Tonicia gaasensis, T. 
waltebledi, Lepidopleurus daubrei) are considered nomina 
dubia, Stenoplax monila is a junior synonym of Lepidochi- 
tona oligocaena, Chaetopleura gaasi (now Spinochiton gaasi) 
and Chaetopleura abbessi (now Ischnochiton abbessi) were 
discussed in the first part of this work. All the species 
previously known from the Aquitaine Basin were iden- 
tified, with the exception of Acanthochites dulignoni de 
Rochebrune, 1882. That species is known for a single 
tail valve from the middle Miocene (late Serravallian) of 
Largileyre (Gironde, France) and was reported only by 
Benoist (1882a), Dell’Angelo et al. (1999) and Cossmann 
& Peyrot (1919), who considered this valve similar to 
Acanthochiton costatus Sacco, 1897 [now Craspedochiton 
mutinocrassus (Sacco, 1897), see Dell'Angelo et al., 2017: 
90], precisely to the valve figured by Sacco (1897: pl. 7, 
fig. 36), considered as Craspedochiton? sp. by Dell’Ange- 
lo et al. (2017: 91, pl. 6, figs 16-19). Unfortunately the 
description and figure of de Rochebrune (1882: pl. 3, fig. 
5) and Cossmann & Peyrot (1919: pl. 2, figs 32-33) are 
not sufficient to identify the species with certainty, and 
the type material of A. dulignoni is not present in the 


Pleistocene Recent (Atl.) Recent (Med.) 


Bi species MFAD ®LAD 


Tab. 8. Stratigraphic distribution of the chiton species from Aquitaine and Ligerian Basins (FAD = First Appearance Data; LAD = Last Appearance 


Data). 


Tab. 8. Distribuzione stratigrafica delle specie di chitoni dai Bacini Aquitaniano e Ligeriano (FAD = First Appearance Data; LAD = Last Appearance 


Data). 
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Ceulemans, 2018 
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Tab. 9. Comparison between Miocene chiton faunas from Europe, taxonomically emended at species level: previously reported in the literature as (1 
Lepidopleurus decoratus Reuss, 1860, (2) Parachiton thielei (Sulc, 1934), (3) Hanleya nagelfar (Lovén, 1846), (4) Ischnochiton rudolticensis (Sulc, 
1934), (5) Callochiton septemvalvis (Montagu, 1803), (6) Chiton denudatus Reuss, 1860, (7) Chiton bohemicus (de Rochebrune, 1882), (8) Craspedo- 
chiton profascicularis (Boettger, 1905). 


ae 


Tab. 9. Confronto tra le specie di chitoni presenti nel Miocene europeo, emendate tassonomicamente a livello specifico: riportate nella letteratura 
precedente come (1) Lepidopleurus decoratus Reuss, 1860, (2) Parachiton thielei (Sulc, 1934), (3) Hanleya nagelfar (Lovén, 1846), (4) Ischnochiton 
rudolticensis (Sulc, 1934), (5) Callochiton septemvalvis (Montagu, 1803), (6) Chiton denudatus Reuss, 1860, (7) Chiton bohemicus (de Rochebrune, 


a. 


1882), (8) Craspedochiton profascicularis (Boettger, 1905). 


Benoist collection deposited at MHNBx (Charles Lau- 
rent, pers. com.), so A. dulignoni must be considered a 
nomen dubium. 

Regarding the stratigraphic distribution of the 41 taxa 
identified by us, 39 have been found in the Aquitaine 
Basin, 8 in the Ligerian Basin, and only 5 species are 
present in both Basins (Lepidopleurus cajetanus, Rhys- 
soplax corallinus, Rhyssoplax assurrectum, Lepidochitona cf. 
canariensis and Acanthochitona fascicularis). Sixteen spe- 
cies (39%) occur exclusively in the Oligocene (Rupelian) 
deposits from Gaas and are therefore restricted strati- 
graphically and geographically. Eighteen species be- 
came extinct at the end of Oligocene, 12 at the end of 


2 


Miocene, and the other have a more extensive strati- 
graphic distribution, including Pliocene or Pleistocene 
too. Seven species are still extant, one in the Mediterra- 
nean (Stenosemus dolii) and six in both Atlantic and 
Mediterranean (Lepidopleurus cajetanus, Ischnochiton ris- 
soi, Rhyssoplax corallinus, Lepidochitona ct. canariensis, 
Acanthochitona fascicularis and A. crinita). A summary of 
the stratigraphic distribution of the chiton species from 
Aquitaine and Ligerian Basins discussed in this project 
is reported in Tab. 8. The radiation of chitons is charac- 
terized by a high appearance of new species (FAD = 
First Appearance Data) during the Oligocene and Mio- 
cene (100% and 78% of the number of species, respect- 
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ively), while the examination of LAD (Last Appearance 
Data) indicates a high persistence of the species from 
one stage to another (78% and 52% for Oligocene and 
Miocene). 

The number of new species is high, representing 36.6% 
of the total number of the identified species. The high 
number of new species is probably a sampling or pre- 
servational artefact (this is the first comprehensive de- 
scription of the Oligocene to Miocene of Aquitanian 
and Ligerian Basins chiton fauna); true endemism can- 
not be substantiated without additional sampling at 
other locations. 

Data relating to worldwide Oligocene to Miocene chi- 
ton faunas are scarce. 

More is known about Oligocene chiton assemblages 
from Europe, mainly regarding the North Sea Basin, 
with 12 species known based on published (Janssen, 
1978; Gúrs, 1983; Marquet et al., 2008; Welle, 2009; 
Cherns & Schwabe, 2019) and unpublished data 
(Dell’Angelo pers. obs.). Comparison of the Oligocene 
chiton fauna of Aquitaine Basin with that of North Sea 
Basin show significant taxonomic differences at generic 
and/or species level, with a substantial number of spe- 
cies that are endemic to each of these geographic areas 
and only three species shared (Leptochiton potrieri, Han- 
leya glimmerodensis and Tonicella tenuissima), despite 
some pending taxonomic uncertainties. 


Dell’Angelo et al. (2018b) published a survey of the chi- 
ton fauna from the late Miocene Tortonian deposits of 
northwest France, previously known as the “Redonian”, 
particularly from the “Assemblage I” of Van Dinge- 
nen et al. (2015), which includes four localities: La Pres- 
seliére (Sceaux-d’Anjou), Le Grand Chauvereau (Saint- 
Clément-de-la-Place), Renauleau and Beugnon (Doué- 
en-Anjou). These sites belong to the same basin as Mou- 
lin Pochas (Amberre near Mirebeau), but are located 
further north. The chiton fauna of these two subregions 
is quite different, few species are common. A study of 
the associated fauna must be carried out to locate Mou- 
lin Pochas in time (Messinian can only be considered as 
tentatively) in order to know the environment and the 
climate. 

Comparisons made with Miocene chiton assemblages 
from Europe, mainly regarding northern Italy (Po Ba- 
sin, see Dell’Angelo et al., 2015a, 2016) and Paratethys 
are reported in Tab. 9. The knowledge of the Parate- 
thyan chiton fauna is still incomplete and is based on 
published (Sulc, 1934; Batuk, 1971, 1984; Macioszczyk, 
1988; Studencka & Studencki, 1988; Dulai, 2001, 2005; 
Kroh, 2003; Dell’Angelo et al., 2007; Studencka & Dulai, 
2010) and unpublished data (Dell’Angelo pers. obs.), 
with 28 species recorded so far, despite some pending 
taxonomic uncertainties. Aquitanian Basin and N. Italy 
shared eight species, and also eight are shared by Aqui- 
tanian Basins and Paratethys. Ligerian Basin (con- 
sidering both Moulin Pochas and Assemblage I) and N. 
Italy shared eight species, whilst only four are shared 
by Ligerian Basin and Paratethys. Only two species 
(Lepidopleurus cajetanus and Rhyssoplax corallinus) are 


common to all the European Miocene areas examined 
in Tab. 9. 

The seven extant species might give an insight into the 
character of marine habitats in the geological past, if we 
assume that their habitat requirement has not changed 
over time. Two species (Lepidopleurus cajetanus and Lepi- 
dochitona canariensis) are typical of the infralittoral 
stage; four (Ischnochiton rissoi, Rhyssoplax corallinus, 
Acanthochitona fascicularis and A. crinita) have a wider 
bathymetric range, from intertidal to deeper than 100 
m; Stenosemus dolii is presently confined at bathyal 
depths, often associated with deep-water corals 
(Dell’Angelo & Smriglio, 1999), although we cannot ex- 
clude that in the past this species (as well as others) had 
different ecological requirements (Dell’Angelo et al., 
2012: 65). These bathymetric comparisons suggest most- 
ly shallow water depositional environments, possibly 
from lower infralittoral to circalittoral depth. The find- 
ing of some deep water species, together with shallow- 
er ones, suggests the presence of a potential mixture of 
faunal elements from different depths and environ- 
ments. Six species occur today in strongly diversified 
habitats on hard substrate; under pebbles, stones, rocks, 
in microcavities of organogenic concretions, sometimes 
also exposed on the upper side of smooth stones. 
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Introduction 


Daniela Esu*(B<) & Odoardo Girotti* 


Abstract 

We report on the rich non-marine molluscan fauna composed of twenty-one gastropods and at least five 
bivalves from the late lower — middle Pleistocene Synania Formation in Achaia (N Peloponnese). A lacus- 
trine environment with slow moving water, locally affected by stream/fluvial input, is recognised for that 
area, in accordance with lithostratigraphical data. The occurrence of Lymnocardiinae, among bivalves, elem- 
ents in common with the modern Black and Caspian seas fauna, points to locally settled low brackish 
conditions (oligo-mesohaline). The gastropod fauna is highly endemic (46%) and all species are extinct, 
whilst three species of bivalves are still living and widespread in Europe. Thermophilous climatic conditions 
are suggested for the time interval analysed. 


Key words 
Non-marine molluscs, Lymnocardiinae, Palaeoecology, Endemism, Early and Middle Pleistocene, Greece. 


Riassunto 

[Nuovi dati su una malacofauna continentale del Pleistocene inferiore e medio dell'Achaia (Peloponneso 
nord-occidentale, Grecia). Sistematica e note paleoecologiche] Si riferisce su una ricca malacofauna conti- 
nentale raccolta nella regione storica dell'Acaia, nella parte più settentrionale del Peloponneso. Ventuno 
specie di gasteropodi acquatici ed almeno cinque di bivalvi sono state reperite nella Formazione di Synania 
di età tardo Pleistocene inferiore — Pleistocene medio, nella quale è stata riconosciuta, in accordo con 
dati litostratigrafici, una facies lacustre caratterizzata da acque a lento scorrimento e localmente influen- 
zata da apporti di origine fluviale. La presenza di Lymnocardiinae, fra i bivalvi, elementi in comune con la 
moderna fauna del Mar Nero e Mar Caspio, suggerisce locali depositi di acque salmastre (oligo-meso- 
haline) per la Formazione di Synania. Fra i gasteropodi si registra un alto tasso di endemismo (46%) ed 
estinzione (100%), mentre tre specie di bivalvi sono ancor oggi ampiamente diffuse in Europa. Condizioni 
climatiche termofile sono ipotizzate per l'intervallo temporale esaminato. 


Parole chiave 
Molluschi continentali, Lymnocardiinae, Paleoecologia, Endemismo, Pleistocene inferiore e medio, Grecia. 


and 0.4 Ma. A detailed description of the geology and 
chronostratigraphy of these units was provided by 
Palyvos et al. (2005, 2010, 2013) and Ford et al. (2016). 


Richly fossiliferous Pleistocene lithostratigraphical sec- 
tions of a fluvio-lacustrine system, the Synania Siltstone 
Formation (including the Koumares Member) of the 
lower-middle Pleistocene Profitis Elias Group, crop out 
in Achaia (Greece, NW Peloponnesus) (Fig. 1). The Syna- 
nia Fm unconformably overlies a fluvial succession, in- 
formally named Lower Group, which age is poorly con- 
strained (Pliocene to Early Pleistocene, up to 1.8 Ma), 
based on palynological dates and regional stratigraphic- 
al correlation (Malartre et al., 2004; Ford et al., 2016). 
Marine layers — interfingered with the upper portion of 
the the Synania Fm - yielded diatom assemblages esti- 
mated at around 400 ka; at the top, marine terraces are 
correlated to marine incursion assigned to marine iso- 
tope stage (MIS) 11 at ca. 420-400 ka (Ford et al., 2016, 
and references therein). Hence, the age of the Synania 
Em is estimated ranging from Early to Middle Pleisto- 
cene (1.8-0.4 Ma). The Koumares Member, located in the 
upper part of the Synania Fm, is dated between 0.781 


The Synania Fm (< 400 m thick) and the Koumares 
Member (100 m thick) are composed of lacustrine and 
brackish gray silts and fine sands locally interbedded 
with cross-laminated fine sandstones, decimetric lignite 
horizons, and laminated white calcareous silts rich in 
Dreissena-beds and charophyte stems. In the last two 
centuries, some authors (Fuchs, 1877; Oppenheim, 1890, 
1891; Gillet, 1963; Tsoflias, 1989, among others) de- 
scribed the non-marine molluscan faunas of the Early 
Pleistocene basins in the northern Peloponnesus, main- 
ly located in Achaia and the Corinth Gulf area. Esu & 
Girotti (2015) illustrated freshwater to oligohaline gas- 
tropods from the late lower Pleistocene deposits west of 
Aigion (Achaia), describing nine species new for sci- 
ence. In the present paper, updating of that fauna, con- 
sisting of 21 aquatic species of gastropods and 5 species 
of bivalves, is given. In addition, taking into account 
the more recent stratigraphical data by Ford et al. (2016), 
a palaeoenvironmental reconstruction is provided. 
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Fig. 1. Location of the study stratigraphical sections in Achaia (Greece). 


Fig. 1. Ubicazione delle sezioni stratigrafiche studiate in Achaia (Grecia). 


Material and methods 


The authors collected the studied material mostly in 
2006 together with the collegues M. Mancini (CNR-IG- 
AG, Rome), and the late N. Palyvos (Department of 
Geography, Harokopio University, Athens). Several 
stratigraphical sections pertaining to the Synania Fm 
and Koumares Member have been sampled, four of 
which revealed to be richly fossiliferous: Selianitika, 
Aravonitsa-Kato Synania, Neos Erineos, and Koumares 
Tab. 1). Mollusc remains were recovered from bulk 


samples at various levels of the study sections localized 
after the GPS Code as follows: 


Selianitika section 


w67GPS (99 m a.s.l., blue silty clays) = 38°16’43.01” N, 
21%01'4.57” E 3 


Aravonitsa-Kato Synania sections 


w106 GPS (130 m a.s.l, gray silty sands) = 3815'48.85” 
Ny 22009995 7 E 

w991 GPS (171 m a.s.l., light brown silty sands) 
381520.30% N, 22°00'30:72"-E 

w57 GPS (173 m a.s.l., gray-light brown silty sands) 
38° 1520.00" IN,2200'50.72 ts 

w59 GPS (217 m a.s.L, light brown silts) = 38°15'30.52” 
N, 22*00'21.88” E 
w62 GPS (394 m a.s.l 
ADS OA 


, blue silty clays) = 38%15'37.97” N, 


Neos Erineos sections 


Site 15 (137 m a.s.l., 800 m after the roadsign to Ag. An- 
dreas church, SW of Neos Erineos, alternating silty 
sands and clays) = 38°17’02.25” N, 21°59’37.42” E 

Site 16 (216 m a.s.l., 100 m far from Ag. Andreas church, 


ulfof | 
orinth 


SW of Neos Erineos, sandy silts) = 38°16'56.84” N, 
21%59'26.50" E 


w66 GPS (266 m a.s.l., gray-light brown silts 
3816'45.52” N, 21%59'46.33” E 


Koumares sections 


w76 GPS (224 m a.s.l., light brown silty sands 
39045‘30,39/5N, 22 02:41:06 E 

w200 GPS (210 m a.s.l., light brown fine sands) = 
S65 247 NN 220 1779E 


The described material is partly stored in the Museo di 
Scienze della Terra, Sapienza Universita, Roma, Italy 
(coll. Esu-Girotti, MPUR7), and partly in the For- 
schungsinstitut und Naturmuseum Senckenberg (SMF), 
Frankfurt a. M., Germany. 

The systematic classification of Gastropoda follows 
Bouchet & Rocroi (2005) and MolluscaBase (2019a), 
whereas it follows Carter et al. (2011) for Bivalvia. Sub- 
genus rank is not adopted. 


Abbreviations 


MPUR7 = Esu-Girotti collection, Museo di Scienze della 
Terra, Sapienza Universita, Roma, Italy; NHM = Croati- 
an Natural History Museum, Zagreb, Croatia, NHMW 
= Naturhistorisches Museum Wien, Austria; SMF = 
Senckenberg Forschungsinstitut und Naturmuseum, 
Frankfurt a. M., Germany; Fm = Formation; fg. = frag- 
ments; op. = operculum/a; spms = specimens. 
Gastropods: H = height, W = width. 

Bivalves: Unionidae, Sphaeriidae, Lymnocardiinae, H = 
height (umbo to ventral margin), L = lenght (anterior to 
posterior margin); Dreissenidae, H = height (dorsal to 
ventral margin), L = lenght (umbo to lower margin); LV 
= left valve, RV = right valve. 


Synania Formation 


Selia : i Ì Koumares 
Species nitika Aravonitsa-Kato Synania Neos Erineos Member 
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Table 1. Abundance of the non-marine molluscs from the sampled stratigraphical sections of the Synania Fm (Achaia). * = opercula, ° = valves. 


Tab. 1. Abbondanza di molluschi non marini dalle sezioni stratigrafiche campionate della Synania Fm (Achaia). * = opercoli, ° = valve. 


Systematics Neritina micans - Fuchs, 1877: p. 14, pl. 3, figs 5-8 (non 9-16). 
Neritina micans - Oppenheim, 1891: p. 462. 
Class Gastropoda Cuvier, 1795 ? Theodoxus (Neritaea) micans - Schitt & Besenecker, 1973: p. 7, 
Subclass Neritimorpha Golikov & pl. 1, fig. 3. 
Starobogatov 1975 Theodoxus micans - Gillet et al., 1979: p. 566, pl. 3, fig. 7. 
J 


Theodoxus micans - Frogley & Preece, 2004: p. 247. 


Order Cycloneritimorpha Fr yda, 1998 Theodoxus micans - Koskeridou & loakim, 2009: p. 97. 


Superfamily Neritoidea Rafinesque, 1815 Theodoxus micans - Esu & Girotti, 2015: p. 67. 
Family Neritidae Rafinesque, 1815 
Genus Theodoxus Montfort, 1810 Type locality 
(Type species Nerita fluviatilis Linnaeus, 1758) Megara (Attica), ”Paludina beds, Levantin”. 
Theodoxus micans Material examined 
(Gaudry & Fischer in Gaudry, 1867) 
(Fig. 2. A-E) Hundreds of spms; w67, MPUR7-4103/10; w106, 


MPUR7-4101 /6; w57, MPUR7-4102/11; w66, MPUR7-3904, 
Neritina micans Gaudry & Fischer in Gaudry, 1867: p. 446, pl. 3905/13, 3906/4, 4098/10,  4099/>900; w?76, 
61, figs 11-13. MPUR7-4100/100. Four spms of “Neritina” micans from 


syewas |e2I60|03a0agjed pue sanewalsAs ‘(293315) BIEYIY WO} PUNE} UBISNJIOLU SULEWW-UOU aUZIOISIA|d AJPPIN - AjJe3 aye} e Bunepdn 


61 


111010) Opueopo Y NSI ejalueq 


62 


the type locality (coll. Boettger, ex Oppenheim 1890, SMF 
243491 /4). 


Remarks 


It is a very variable species in size and colour pattern, 
displaying height from 5 mm up to 11 mm, and black 
lines or small spots on shell surface. A small list occurs 
in the inner basal portion of the aperture in young as 
well as adult specimens. Bukowski (1896) assigned to 
his new species, Theodoxus hellenicus (Bukowski, 1896), 
those specimens having a pyramidal aspect and a gib- 
bous last whorl figured by Fuchs (1877, figs 9-16) as 
micans. Moreover, he described other two species from 
the Pliocene of Greece, T. pseudomicans (Bukowski, 
1896), and T. fontannesi (Neumayr, 1880), noting that 
the three species are very close to T. micans and T. dori- 
cus (Neumayr, 1880). Willmann (1981) considered pseu- 
domicans as a subspecies of hellenicus, and fontannesi a 
subspecies of doricus. A revision of this group of species 
is needed. Variability of Synania Fm populations is 
comparable with that of micans from the type locality 
kept at SMF (SMF 243491 /4). Despite the large number 
of specimens found, no opercula were recorded. Mean 
dimensions of the collected specimens: H = 8 mm, W = 
6 mm. 


Distribution 


Pliocene ?, Chios Island (Schtitt € Besenecker, 1973); 
Plio-Pleistocene, Megara (Korinth) (Fuchs, 1877; Gillet, 


1963), Epirus (Ioannina, Lake Pamvotis) (Dollfus, 1922; 
Frogley & Preece, 2004); late Early Pleistocene, Atalanti 
Basin (Koskeridou & Ioakim, 2009); late Early and Mid- 
dle Pleistocene, Achaia (Esu & Girotti, 2015). 


Theodoxus patrae Esu & Girotti, 2015 
(Fig. 2. F-I) 


Theodoxus patrae Esu & Girotti, 2015: p. 67, figs 1-4. 


Type locality 

S-SW of Neos Erineos (Achaia), w66 GPS, late Early 
Pleistocene. 

Material examined 

Sixty-five spms; w66 GPS, Holotype SMF 345710, Para- 
types SMF 345711/3, MPUR7-4031/60, 4110/1. 
Remarks 


This very small Theodoxus — characterised by a carinate 
high-spired shell with five to six prominent carinae and 
a small list inside the aperture (Fig. 2F) — is a rare spe- 
cies known from only one stratigraphical section at Ai- 
gion. Mean dimensions: H = 4.5 mm, W = 5 mm. 


Distribution 


Late Early Pleistocene, Achaia (Esu & Girotti, 2015). 


Fig. 2. A-E. Theodoxus micans (Gaudry & Fischer in Gaudry, 1867), w66, MPUR7-3906/2. A-C. H = 8 mm, W = 9 mm. D-E.H=5mm,W=4mm. 
F-I. Theodoxus patrae Esu & Girotti, 2015, w66, Holotype SMF 345710, H = 4.1 mm, W = 5 mm. 


Fig. 2. A-E. Theodoxus micans (Gaudry & Fischer in Gaudry, 1867), w66, MPUR7-3906/2. A-C. H = 8 mm, W = 9 mm. D-E. H =5 mm, W= 4 mm. 
F-I. Theodoxus patrae Esu & Girotti, 2015, w66, Olotipo SMF 345710, H = 4,1 mm, W = 5 mm. 


Subclass Caenogastropoda Cox, 1960 
Order Architaenioglossa Haller, 1890 [1892] 
Superfamily Viviparoidea J.E. Gray, 1847 
Family Viviparidae J.E. Gray, 1847 
Genus Viviparus Montfort, 1810 


(Type species Helix vivipara Linnaeus, 1758). 


Viviparus clathratus (Deshayes 


in Geoffroy Saint-Hilaire et al., 1832) 
(Fig. 3. A-G) 


Paludina clathrata Deshayes in Geoffroy Saint-Hilaire et al., 
1832: p. 148, pl. 25, figs 3-4. 

? Paludina clathrata - Fuchs, 1877: p. 8. 

Vivipara (Tulotoma) clathrata - Bukowski, 1893: p. 267, pl. 1, figs 
Eo, pL 2, fie. 1. 

Vivipara (Tylotoma) clathrata - Dollfus, 1922: p. 110, pl. 6, fig. 1. 

Viviparus clathratus clathratus - Willmann, 1981: p. 111, pl. 4, 
figs 1-4. 

Viviparus clathrata [sic] - Frogley & Preece, 2004: p. 247. 

Viviparus clathratus - Esu & Girotti, 2015: p. 67. 


Type locality 
Rhodes Island (Greece), Pliocene. 


Material examined 


Eightspms; w106, MPUR7-4080/2; w991, MPUR7-4079/1; 
wo7, MPUR7-3915/2, 3916/2, 4011/1. 


Remarks 


Poorly preserved specimens displaying large-sized, high- 
spired and carinate shell, with up to 5-6 stepped 
whorls, apex smooth and somewhat prominent; three 
spiral carinae, running from the second whorl, become 
nodular when crossed by prominent growth striae (Fig. 
3. C). At the base of the last whorl 6-7 spiral and raised 
growth striae occur forming a criss-cross pattern. Aper- 
ture roundish, adapically angulate. Umbilicus slit-like. 
It is a rare species at the Synania Fm, whilst it is abun- 
dant in the Rhodes Island, where specimens with heavy 
ornamentation were recorded (Bukowski, 1893; Will- 
mann, 1981). Gaudry (1862) assigned specimens from 
the Pliocene marly “Congerienschichten” of Kalamaki 
(Corinth Gulf) to V. clathratus, for which, on the contrary, 
Fuchs (1877, pl. 1, fig. 2) instituted the new species 
Paludina ornata. This species differs from the Synania 
Fm specimens in being regularly gridded and in the 
lack of the three carinae. Following Willmann (1981: 
112), the specimens from Joannina (Epirus) illustrated 
by Dollfus (1922, pl. 6, fig. 1) are attributable to a new 


Fig. 3. A-G. Viviparus clathratus (Deshayes in G. S.-H. et al., 1832). A-D. w57, MPUR7-3915, H = 15 mm, W = 13 mm. E-F w991, MPUR7-4079, H 
= 20 mm, W = 16 mm. G. w57, MPUR7-4011, H = 27 mm, W = 22 mm. 


Fig. 3. A-G. Viviparus clathratus (Deshayes in G. S.-H. et al., 1832). A-D. w57, MPUR7-3915, H = 15 mm, W = 13 mm. E-F. w991, MPUR7-4079, H 


= 20 mm, W = 16 mm. G. w57, MPUR7-4011, H = 27 mm, W = 22 mm. 
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species (Viviparus n. sp.). The Synania Fm specimens 
were compared with the apparently close Viviparus bog- 
danovi Brusina, 1897 (pl. 12, figs 25-26) from the Upper 
Pliocene of Sisak (Kupa, Croatia) (stored in the NHM of 
Zagreb: holotype, No. 612-746.1, paratype No. 3100- 
746.2, coll. Brusina), which differs for the less turricu- 
late shape and lack of basal spiral striae. Dimensions of 
clathratus, after the author: H = 35 mm, W = 28 mm; 
dimensions (max observed) of Synania Fm spms: H = 
27 mm, W = 22 mm. 


Distribution 


Pliocene, Rhodes Island (Willmann, 1981); Plio-Pleisto- 
cene, ? Gulf of Corinth (Gaudry, 1862), Epirus (loannina, 
Lake Pamvotis) (Dollfus, 1922, Frogley & Preece, 2004); 
late Early Pleistocene, Achaia (Esu & Girotti, 2015). 


Order unassigned 
Superfamily Cerithioidea Fleming, 1822 _ 
Family Melanopsidae H. & A. Adams, 1854 
Genus Melanopsis Férussac in Ferussac & 
3 Férussac, 1807 
(Type species Melania costata Olivier, 1804) 


Melanopsis gorgeixi Tournouér, 1875 
(Fig. 4. A-B) 


Melanopsis gorgeixi Tournouér, 1875: p. 76. 

Melanopsis proteus Tournouér, 1875: p. 77. 

Melanopsis (Canthidomus) proteus - Gillet, 1963: p. 411, fig. 4. 
Melanopsis gorgeixi proteus - Willmann, 1981: p. 175, figs 13-14. 
Melanopsis proteus - Esu & Girotti, 2015: p. 67. 


Type locality 


Near Antimachia and Kos (Kos Island, Greece), Plio- 
cene. 


Material examined 


Eight spms; w67, MPUR7-4218/5; w66, MPUR7-3932/2, 
59937 0. 


Remarks 


This ribbed species is very rare at Synania Fm. It was 
recorded in poor state of preservation from only two 
sections. Shell-shape and number of ribs of the collected 
specimens fit well with the description of M. proteus by 
Tournouér (1876, p. 10, pl. 4, figs 6-6c). After Willmann 
(1981), and MolluscaBase (2019b), M. proteus is con- 
sidered a subspecies of M. gorceixi Tournouér, 1875. 
Nevertheless, the high morphological variability (from 
smooth to ribbed shell), displayed by several M. gorceixi 
subspecies from different Pliocene formations of Kos 
(as described by Willmann, 1981), suggests very likely 
the occurrence of morphotype-groups. The record of 
the nearly smooth M. gorceixi gorceixi from the lower 


part of the Kos Formation, and of the ribbed M. gorceixi 
proteus from its uppermost part by Willmann (1981) 
does not fully justify the subspecies rank for proteus, 
which could be a morphotype. The Synania specimens 
are smaller (H = 13 mm, W = 7.5 mm) than the type 
described by the author (H = 25 mm, W = 14 mm). 


Distribution 


Pliocene-late Early Pleistocene, Kos Island, Nea- 


- Corinthos, Achaia (Gillet, 1963; Esu & Girotti, 2015). 


Melanopsis synaniae Esu & Girotti, 2015 
(Fig. 4. C-F) 


Melanopsis synaniae Esu & Girotti, 2015: p. 68, figs 5-8. 


Type locality 


S-SW of Neos Erineos, w66 GPS (Achaia), late Early 
Pleistocene. 


Material examined 


More than one hundred spms; w66, Holotype SMF 345712, 
Paratypes SMF 345713/1, 345714/2, MPUR7-3913/20, 
3914/2, 4074/4, 4075/100, 4194/28, 4294/12; w67, 
MPUR7-4076/6, 4077/3, 4078/2. 


Remarks 


Strong shell ornamentation with ribs and nodules, and 
spiral sculpture characterise this medium-sized species. 
It is endemic to Achaia, where it is locally very abun- 
dant. For comparison with other Melanopsis species, see 
Esu & Girotti (2015). Mean dimensions: H = 17 mm, W 
= 12 mm. 


Distribution 
Late Early Pleistocene, Achaia (Esu & Girotti, 2015). 
Order Littorinimorpha Golikov 
& Starobogatov, 1975 
Superfamily Truncatelloidea J.E. Gray, 1840 


Family Bithyniidae J.E. Gray, 1857 
Genus Neumayria De Stefani, 1877 


(Type species Bithynia labiata Neumayr in Herbich & 
Neumayr, 1875) 


Neumayria cf. spoliata (Stefanescu, 1896) 
(Fig. 5. A-D) 


Neumayria sp. - Esu & Girotti, 2015: p. 67. 


Material examined 


Two spms; w57, MPUR7-4012/2; one operculum in the fill- 


Fig. 4. A-B. Melanopsis gorgeixi Tournouér, 1875, w66, MPUR7-3998, H = 13 mm, W = 7.5 mm. C-F. Melanopsis synaniae Esu € Girotti, 2015, w66, 
Paratypes. C-E. SMF 345713, H = 19 mm, W = 12 mm. F. juvenile, SMF 345714/2, H = 9 mm, W = 8 mm. 


Fig. 4. A-B. Melanopsis gorgeixi Tournouér, 1875, w66, MPUR7-3998, H = 13 mm, W = 7,5 mm. C-F. Melanopsis synaniae Esu € Girotti, 2015, w66, 
Paratipo. C-E. SMF 345713, H = 19 mm, W = 12 mm. F. giovanile, SMF 345714/2, H=9mm,W=8 mm. 


ing sediment of Viviparus cf. clathratus shell (MPUR7-4011) 
at the same site. 


Remarks 


Only two specimens with broken aperture and one 
operculum were recorded. Nevertheless, large shell 
size, conical-ovate shape, number (five) of slightly con- 
vex whorls, obliquity of the suture, globosity of the last 
whorl, and large spiral nucleus of the operculum (Fig. 
5D), as typical for the genus Neumayria De Stefani, 1877 
(Girotti, 1972), suggest a close relation to N. spoliata 
(Stefanescu, 1896), described from the Late Pliocene of 
Milcov, Jud. Oltu (Romania) (Stefanescu, 1896, pl. 10, 
figs 16-21), whose dimensions (H = 13 mm, W = 9 mm) 
fit quite well with those of the Greek specimens (H = 10 
mm, W = 8 mm). Bithynia (Neumayria) janinensis Doll- 
fus, 1922 (pl. 6, fig. 3) from the Plio-Pleistocene of Epi- 
rus — accepted as Neumayria janinensis (MolluscaBase 
2019c) — differs in having a more acute and elongate 
spire, more flattened whorls and evident spiral lines. 
Following some authors (Meijer, 1989; Gittenberger et 
al., 1998; Glóer, 2002), Neumayria is considered subge- 
nus of Bithynia Leach in Abel, 1818. Currently, it is ac- 
cepted as valid genus (MolluscaBase, 2019c). 


Distribution 


Late Early Pleistocene, Achaia (this paper). 


Family Bythinellidae Locard, 1893 
Genus Bythinella Moquin-Tandon, 1856 


(Type species Bulimus viridis Poiret, 1801) 


Bythinella megarensis Bukowski, 1896 
(Fig. 5. E-J) 


Bithynia scalaris Fuchs, 1877: p. 13, pl. 1, figs 22-24 (non Slavik, 
1869). 

Bythinella megarensis Bukowski, 1896: p. 40. 

Bythinella (Bythinella) megarensis - Wenz, 1926: p. 2015. 


Type locality 


Megara (Attica), “Súfswasserschichten”, Levantine. 


Material examined 


Twelve spms; w67, MPUR7-3230/2, 3232/10. 


Remarks 


This is a rare, poorly known, and very small-sized spe- 
cies, characterised by conical shape, 4 1/2 strongly con- 
vex whorls, rounded aperture, and slit-like umbilicus. 
Shell shape and dimensions of the Selianitika specimens 
fit well with Bithynia scalaris Fuchs, 1877 that Bukowski 
(1896) renamed Bythinella megarensis since the name sca- 
laris is pre-occupied. This species is figured here for the 
first time, after the drawings by Fuchs (1877). Speci- 
mens from Synania Fm are smaller on average, H = 1.5 
mm, W = 1 mm, than those described by Fuchs (1877), 
H=2mm, W = 1.2mm: 
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Fig. 5. A-D. Neumayria cf. spoliata (Stefanescu, 1896), w57. A-C. MPUR7-4012/2, H = 10 mm, W = 8 mm. D. Operculum, MPUR7-4011, H = 5.1 
mm, W = 4 mm. E-J. Bythinella megarensis Bukowski, 1896, w67, MPUR7-3230/2. E-G. H = 1.5 mm, W = 1 mm. H-J. H = 1.6 mm, W = 0.9 mm. 


Fig. 5. A-D. Neumayria cf. spoliata (Stefanescu, 1896), w57. A-C. MPUR7-4012/2, H = 10 mm, W = 8 mm. D. Opercolo, MPUR7-4011, H = 5,1 mm, 
W = 4 mm. E-J. Bythinella megarensis Bukowski, 1896, w67, MPUR7-3230/2. E-G. H = 1,5 mm, W = 1 mm. H-J. H = 1,6 mm, W = 0,9 mm. 


Distribution 


“Late” Pliocene-late Early Pleistocene, Megara (Fuchs 
1877), Achaia (this paper); Pliocene, Hungary? (Wenz 1926). 


Family Hydrobiidae Stimpson, 1865 
Subfamily Islamiinae Radoman, 1973 
Genus Islamia Radoman, 1973 


(Type species Hydrobia valvataeformis Móllendorff, 1873) 


Islamia? corinthica Esu & Girotti, 2015 
(Fig. 6. A-E) 


Islamia? corinthica Esu & Girotti, 2015: p. 72, figs 17-18. 


Type locality 


S-SW of Neos Erineos, w66 GPS (Achaia), late Early 
Pleistocene. 


Material examined 
Four spms; w66, Holotype SMF 345719, Paratypes 
MPUR-0633/2, 4054/1. 


Remarks 


Only one well preserved adult specimen and three ju- 
veniles, characterised by a very small-sized valvatoid 
and high-spired shell with a large last whorl, were re- 
corded. The generic attribution remains uncertain due 


to the scarce available material. Dimensions: H = 1.5 
mm, W = 2mm. 


Distribution 
Late Early Pleistocene, Achaia (Esu & Girotti, 2015). 


Islamia? sp. n.? 
(Fig. 6. F-I) 


Hauffenia sp. - Esu & Girotti, 2015: p. 67. 


Material examined 


Forty-two spms; w66, MPUR7-4104/2, 4176/40. 


Description 


Shell very small, planorbiform, low-spired, with two 
and a half to three convex whorls with nearly circular 
section, the last ring-shaped and often detached. Proto- 
conch slightly prominent, smooth. Shell nearly smooth, 
with very faint growth-lines. Suture deep. Aperture 
roundish, perisome sharp. Umbilicus wide and deep. 
Dimensions (medium size): H = 0.5 mm, W = 1 mm. 


Remarks 


Better-preserved available material allows assigning it 
preferably (albeit with uncertainty) to the genus Islamia 
due to the low-spired shell and the ring-shaped last 
whorl. Nevertheless, the generic attribution of fossil 


small Islamiinae based only on conchological characters 
is problematic. The recorded specimens differ from the 
above 1.2? corinthica (Fig. 6. A-E), found in the same 
stratigraphical interval, in being smaller, nearly plano- 
spiral and in having a circular whorl section. The extant 
Islamia trichoniana Radoman, 1979, restricted to Lake 
Trichonida (Greece), is very low-spired, but not planorbi- 
form (cf. Radea et al. 2017). 


Distribution 


Late Early Pleistocene, Achaia (Esu & Girotti 2015). 


Subfamily Pseudamnicolinae Radoman, 1977 
Genus Graecamnicola Willman, 1981 


(Type species Valvata euomphalus Fuchs, 1877) 


Graecamnicola graeca (Fuchs, 1877) 
(Fig. 5. J-N) 


Valvata graeca Fuchs, 1877: p. 38, pl. 5, figs 6-10. 


Valvata graeca - Wenz, 1928: p. 2434. 

Valvata (Cincinna) graeca - Gillet et al., 1979: p. 568, pl. 4, figs 
3-4. 

Graecamnicola graeca - Willmann, 1981: p. 211, fig. 72. 

Valvata graeca - Esu & Girotti, 2015: p. 67. 


Type locality 


Livonates (Atalanti, Phthiotis), sandy “Levantine” 
freshwater beds. 


Material examined 


More than one hundred spms; w106, MPUR7-4186/120; 
w57, MPUR7-3928/1, 3927/4, 4288/6. 


Remarks 


Willmann (1981) ascribed Valvata graeca Fuchs, 1877 
from Livonates (Atalanti) to his new genus Graecamni- 
cola. The Synania Fm specimens of graeca, despite the 
same number of whorls, are on average remarkably 
larger (H = 5 mm, W = 6 mm) than those described by 


Fig. 6. A-E. Islamia? corinthica Esu & Girotti, 2015, w66, Holotype SMF 345719, H = 1.5 mm, W = 2 mm. FAI. Islamia? sp. n.?, w66, MPUR7-4104/2. 
F-G.H =0.5 mm, W= 1 mm. H-l. H = 0.6 mm, W = 1.2 mm. J-N. Graecamnicola graeca (Fuchs, 1877), w57, MPUR7-3928, H = 5 mm, W =6 mm. 


Fig. 6. A-E. /slamia? corinthica Esu & Girotti, 2015, w66, Olotipo SMF 345719, H = 1,5 mm, W = 2 mm. F-l. Islamia? sp. n.?, w66, MPUR7-4104/2. 
F-G. H = 0,5 mm, W = 1 mm. H-l. H = 0,6 mm, W = 1,2 mm. J-N. Graecamnicola graeca (Fuchs, 1877), w57, MPUR7-3928, H=5 mm, W = 6 mm. 
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Fuchs (1877) and Willmann (1981): H = 2 mm, W =3.5 
mm, and H = 2.8 mm, W = 3.5 mm (lectotypus with 4 
1/4 whorls), respectively. 


Distribution 


Late Early Pleistocene, Livonates (Atalanti, Phthiotis) 
(Fuchs, 1877; Gillet et al., 1979), Achaia (Esu & Girotti, 
2015). 


Subfamily Pyrgulinae Brusina, 1881 
Genus Pyrgula De Cristofori & Jan, 1832 


(Type species Turbo annulatus Linnaeus, 1758) 


Pyrgula? danielae 


Girotti in Esu & Girotti, 2015 
(Fig. 7. A-G) 


Pyrgula? danielae Girotti in Esu & Girotti, 2015: p. 73, figs 19-22. 


Type locality 


E-SE of Aravonitsa, w57 GPS (Achaia), late Early Pleisto- 
cene. 


Material examined 


Fifty-one spms; w57, Holotype SMF 345720, Paratypes 
SMF 345721/2, MPUR7-4019/32, 4015/2, 4282/3, 
4288/6; w106, MPUR7-1072/1, 0634/4. 


Remarks 


A small-sized species well characterised by dome 
shaped and carinate shell, with small protoconch, and 
aperture semicircular-ovate, adapically angulate and 
abapically flared. It is not a common species, recorded 


Fig. 7. A-G. Pyrgula? danielae Girotti in Esu & Girotti, 2015. A-C. w57, Holotype SMF 345720, H = 5.5 mm, W = 4 mm. D. Paratype SMF 345721, 
W = 2 mm. E-G. w106, MPUR7-1072, H = 3 mm, W = 2 mm. H-K. Pyrgula nikosi Esu & Girotti, 2015, w66. H. Holotype SMF 345722, H = 3.1 mm, 
W = 2.4 mm. I-K. Paratype SMF 345723/1, H = 3.2 mm, W = 2.5 mm. 


Fig. 7. A-G. Pyrgula? danielae Girotti in Esu & Girotti, 2015. A-C. w57, Olotipo SMF 345720, H = 5,5 mm, W = 4 mm. D. Paratipo SMF 345721, W 
= 2 mm. E-G. w106, MPUR7-1072, H = 3 mm, W = 2 mm. H-K. Pyrgula nikosi Esu & Girotti, 2015, w66. H. Olotipo SMF 345722, H = 3,1 mm, W 


= 2,4 mm. I-K. Paratipo SMF 345723/1, H = 3,2 mm, W = 2,5 mm. 


from only one section in distinct levels. For remarks 
about the uncertain generic attribution, see Esu & Girot- 
ti (2015). Dimensions (max): H = 5.5 mm, W = 4 mm. 
Distribution 

Late Early Pleistocene, Achaia (Esu & Girotti, 2015). 


Pyrgula nikosi Esu & Girotti, 2015 
(Fig. 7. H-K) 


Pyrgula nikosi Esu & Girotti, 2015: p. 74, figs 23-24. 


Type locality 


S-SW of Neos Erineos, w66 GPS (Achaia), late Early 
Pleistocene. 


Material examined 


Hundreds of spms; w66, Holotype SMF 345722, Para- 
types SMF 345723/1, 345724/40, MPUR7-4020/>650, 
4303; w67, MPUR7-4082/15. 


Remarks 


This very small-sized, broadly conical, carinate and per- 
forate Pyrgula shows a very low variability inside the 
recorded rich populations. It is very abundant in dis- 
tinct layers of the Synania Fm. Mean dimensions: H = 
3-1 mm, W =2.4 mm. 


Distribution 
Late Early Pleistocene, Achaia (Esu & Girotti, 2015). 
Subfamily not assigned 
Genus Gontochilus Sandberger, 1875 


(Type species Pleurocera costulatum 
Fuchs, 1870) 


Goniochilus? achaiae Esu & Girotti, 2015 
(Fig. 8. A-E) 


Goniochilus? achaiae Esu & Girotti, 2015: p. 70, figs 9-11. 


Type locality 

S-SW of Neos Erineos, w66 GPS (Achaia), late Early 
Pleistocene. 

Material examined 


More than a thousand spms; w66, Holotype SMF 
345715, Paratypes SMF 345716/2, MPUR7-3909/1100; 
w59, MPUR7-4062/18; w67, MPUR7-4084/15. 


Remarks 


The apparently similar Melania elegans Fuchs, 1877 (pl. 
3, figs 30-32) from the “Levantin” of Megara, assigned 


to the genus Goniochilus by Wenz (1926), differs in hav- 
ing a more acute apical angle, ribs thickened in the mid- 
dle, and far smaller size (H = 6 mm, W = 2 mm). Spaced 
sharp axial ribs characterise G.? achaiae. Due to the large 
size of the shell, which is not common in Goniochilus, 
Esu & Girotti (2015) dubitatively ascribed achaiae to this 
genus. Mean dimensions: H = 10 mm, W = 4.1 mm. 


Distribution 
Late Early Pleistocene, Achaia (Esu & Girotti, 2015). 


Subfamily not assigned 
Genus Micromelania Brusina, 1874 


(Type species Micromelania cerithiopsis Brusina, 1874) 


Micromelania aft. monilifera Brusina, 1874 
(Fig. 8. F-N) 


aff. Micromelania monilifera Brusina, 1874: p. 134. 

aff. Micromelania monilifera - Brusina, 1881: p. 276. 

aff. Micromelania monilifera - Brusina, 1884: p. 164, pl. 29, fig. 6, 
PESO fig. 7: 

aff. Micromelania monilifera - Brusina, 1897: p. 16, pl. 11, figs 
1-6. 

Micromelania monilifera - Esu & Girotti, 2015: p. 67. 


Material examined 


One hundred and five spms; w66, MPUR7-3931/3, 
3930/80, 4111/2, 4299/20. 


Remarks 


The well-preserved Greek specimens show very variable 
ornamentation pattern in more or less raised axial lines 
and prominent carina. Common features are: carinate 
shell with the first two whorls smooth and convex fol- 
lowed by almost flat whorls covered by more or less 
raised transverse lines, apex smooth, and two more or 
less raised nodular carinae occurring on the last whorl. 
Less ornate shells also occur (Fig. 8. F-H). These charac- 
ters strongly agree with those described and illustrated by 
Brusina (1874, 1897) for specimens of Micromelania monili- 
fera from the type locality, Okrugljak (Croatia) (Late Mio- 
cene, Late Pannonian), in the Pannonian Basin (Neubauer 
et al., 2014). Nevertheless, difference in the chronostrati- 
graphic and geographic distribution of the two popula- 
tions (Croatian and Greek, Late Miocene and late Early 
Pleistocene, respectively), and the high endemism of the 
Pannonian Basin species (Neubauer et al., 2016), lead us to 
consider — in the absence of new data record — the Greek 
specimens as M. aff. monilifera. Mean dimensions of the 
Greek specimens (H = 4.1 mm, W = 1.1 mm) are minor 
than those of the Croatian ones (H = 6 mm, W = 1.4 mm). 


Distribution 


Late Early Pleistocene, Achaia (this paper). 


syJewas ¡eoiojoDaos3ejed pue saneuwajsÁs (939210) PIeydy WOJ} PUNE} UEISN]jOLI SULJEW-UOU auUad0}Sla|q AJPPIN - Auez aye] e bunepdn 


69 


130115 OPle0pO Y NSF Bjalueg 


70 


Fig. 8. A-E. Goniochilus? achalae Esu & Girotti, 2015, w66. A-C. Holotype SMF 345715, H = 12 mm, W = 5.1 mm. D-E. Paratype SMF 345716, H = 
9.2 mm, W = 4.3 mm. F-N. Micromelania aff. monilifera Brusina, 1874, w66, MPUR7-3931/3. F-H. H = 4 mm, W = 1.3 mm. I-K. H = 4.1 mm, W = 
1mm LN. hh =3.5 mm, W <= 1. 1:mm. 


Fig. 8. A-E. Goniochilus? achaiae Esu & Girotti, 2015, w66. A-C. Olotipo SMF 345715, H = 12 mm, W = 5,1 mm. D-E. Paratipo SMF 345716, H 


9,2 mm, W = 4,3 mm. F-N. Micromelania aff. monilifera Brusina, 1874, w66, MPUR7-3931/3. F-H. H = 4 mm, W = 1,3 mm. I-K. H = 4,1 mm, W = 


Alma. L-No H=3,5 mm W= 1,1 mm. 


Subfamily not assigned 
Genus Prososthenia Neumayr, 1869 


(Type species Prososthenia schwartzi Neumayr, 1869) 


Prososthenia gregaria (Fuchs, 1877) 
(Fig. 9A-F) 


Hydrobia gregaria Fuchs, 1877: p. 34, pl. 3, figs 27-29. 

Hydrobia heldreichit - Oppenheim, 1891: p. 440 (non Fuchs, 
1877). 

Prososthenia gregaria - Wenz, 1926: p. 1992. 

Prososthenia gregaria - Schiitt, 1976: p. 39, pl. 6, fig. 4. 

Prososthenia gregaria - Willmann, 1981: p. 204, fig. 68B-C. 

Prososthenia gregaria - Esu & Girotti, 2015: p. 67. 


Type locality 

Calamo (Markopoulo, East Attica), “Levantine Paludina 
beds” (Pliocene). 

Material examined 

More than one hundred spms; w76, MPUR7-3919/18, 
3920/2, 4307/40; w62, MPUR7-4088 /40, 4089/40. 
Remarks 


Specimens from Koumares section (w76) display barely 
convex whorls and slightly thickened adapical angle of 
the aperture, fitting well with the original description 
and illustration of P. gregaria from Attica. Oppenheim 


(1891: 440) quoted the occurrence of “Hydrobia” heldrei- 
chii Fuchs, 1877 at “Kumari” (= Koumares). This spe- 
cies, originally described from Megara (Fuchs, 1877, pl. 
2, figs 45-47), distinguishes from the similar in shape P. 
gregaria in having carinate whorls. Willmann (1981, fig. 
67A-D) ascribed two original specimens of heldreichii 
(coll. Fuchs, 1878/XX/28, NHMW) to his new genus 
Xestopyrguloides, albeit with uncertainty. Specimens of 
gregaria from Skala Oropou (Attica) (coll. Schlickum, ex 
Schiitt, 1972, SMF 266803) show a light thickening be- 


P “ Q R 


hind the aperture, which is described neither by Fuchs 
(1877) nor by Willmann (1981). Dimensions after Fuchs 
(1877: A= 6 mm, W= 1.5 mm. 


Distribution 


Pliocene, Attica (Fuchs, 1877; Schiitt, 1976); late Early 
and Middle Pleistocene, Achaia (Oppenheim, 1891; Esu 
& Girotti, 2015). 


Fig. 9. A-F. Prososthenia gregaria (Fuchs, 1877), w76, MPUR7-3920/2. A-C. H = 6.1 mm, W = 2.8 mm. D-F. H = 5.05 mm, W= 2 mm. G-L. Tournoue- 
rina ronaldi Esu & Girotti, 2015, w66, Paratypes SMF 345718/4. G-I. H = 6.1 mm, W = 3 mm. J-L. H = 6 mm, W = 3 mm. M-T. Lithoglyphus marci 
Esu & Girotti, 2015. M-R. w66, Paratypes SMF 345726/3. M-O. H = 3.2 mm, W = 2.2 mm. P-R. H = 2.8 mm, W = 2.2 mm. S-T. w57, Operculum 


(?Lithoglyphus), MPUR7-4013, H = 1.1 mm, W = 1 mm. 


Fig. 9. A-F. Prososthenia gregaria (Fuchs, 1877), w76, MPUR7-3920/2. A-C. H = 6,1 mm, W = 2,8 mm. D-F. H = 5,05 mm, W= 2 mm. G-L. Journoue- 
rina ronaldi Esu & Girotti, 2015, w66, Paratipi SMF 345718/4. G-l. H = 6,1 mm, W = 3 mm. J-L. H = 6 mm, W = 3 mm. M-T. Lithoglyphus marci Esu 
& Girotti, 2015. M-R. w66, Paratipi SMF 345726/3. M-O. H = 3,2 mm, W = 2,2 mm. P-R. H = 2,8 mm, W = 2,2 mm. S-T. w57, Opercolo (?Litho- 


glyphus), MPUR7-4013, H = 1,1 mm, W = 1 mm. 
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Subfamily not assigned 
Genus Tournouerina Schlickum, 1971 


(Type species Nematurella? lugdunensis Tournouér in 
Falsan & Locard, 1879) 


Tournouerina ronaldi Esu & Girotti, 2015 
(Fig. 9. G-L) 


Tournouerina ronaldi Esu & Girotti, 2015: p. 71, figs 12-16. 


Type locality 

North of Aravonitsa, w66 GPS (Achaia), late Early Plei- 
stocene. 

Material examined 


More than a thousand spms; w66, Holotype SMF 
345717, Paratypes, SMF 345718/4, MPUR7-3921/>300, 
4015/2, 4086/1000; w76, MPUR7-4063/50; w106, 
MPUR7-4085/50; w67, MPUR7-4083 /40. 


Remarks 


A small-sized species with ovate-elongate shell, slightly 
convex whorls, the last elongate and somewhat des- 


cending forms two-thirds of shell height; columellar 


lip moderately thickened and slightly expanded over 
the umbilicus. It is frequent at the Synania Fm. For 
comparison with other Tournouerina species, see Esu & 
Girotti (2015) who first recorded this genus in Greece. 
Mean dimensions: H = 6 mm, W = 3 mm. 


Distribution 


Late Early and Middle Pleistocene, Achaia (Esu & Gi- 
rou, 2015), 


Family Lithoglyphidae Tryon, 1866 
Genus Lithoglyphus Menke, 1830 


(Type species Paludina fusca C. Pfeiffer, 1828) 


Lithoglyphus marci Esu & Girotti, 2015 
(Fig. 9. M-T) 


Lithoglyphus marci Esu & Girotti, 2015: p. 76, figs 25-28. 


Type locality 


S-SW of Neos Erineos, w66 GPS (Achaia), late Early 
Pleistocene. 


Material examined 


Hundreds of spms; w66, Holotype SMF 345725, Para- 
types SMF 345726/3, MPUR7-4023/21, 4193/>800; Site 
15, MPUR7-4047/70; Site 16, MPUR7-4046/150; w57, 
MPUR7-4013/1 op., 4081/200 op. 


Remarks 


This is a very small Lithoglyphus widely spread at Neos 
Erineos section. Small-sized Lithoglyphus species are 
poorly recorded as fossils (see Esu éz Girotti, 2015). Hun- 
dreds of very small opercula (Fig. 8. S-T) adaptable to L. 
marci were collected from site w57 of the Synania Fm, their 
shape and characters are constant, dimensions ranging 
from 1 to 2.8 mm in height. Following T. Meijer (personal 
comm., 2016), they could belong to Bithyniidae, since 
calcareous opercula are unknown for extant species of 
Lithoglyphus. Dimensions: H = 3.1 mm, W = 2.2 mm. 


Distribution 

Late Early Pleistocene, Achaia (Esu & Girotti, 2015). 
Subclass Heterobranchia J.E. Gray, 1840 
Superfamily Valvatoidea J.E. Gray, 1840 


Family Valvatidae J.E. Gray, 1840 
Genus Valvata Miller, 1773 


(Type species Valvata cristata Múller, 1774) 


Valvata pyramidula Esu & Girotti, 2015 
(Fig. 10. A-D) 


Valvata pyramidula Esu & Girotti, 2015: p. 76, figs 29-32. 


Type locality 


S-SW of Neos Erineos, w66 GPS (Achaia), late Early 
Pleistocene. 


Material examined 


More than a thousand spms; w66, Holotype SMF 
345727, Paratypes SMF 345728/3, MPUR7-3911 />100, 
3912/280, 4048/500, 4049/400; w67, MPUR7-4050/18; 
w76, MPUR7-4207 /6; Site 16, MPUR7-4087 /40. 


Remarks 


A species characterised by a conical-pyramidal shell, 
with slightly angulate last whorl, prosocline aperture, 
and deep umbilicus. It shows a low variability, varying 
slightly the H/W ratio. Dimensions: H = 6.2 mm, W = 
5.8 mm. 


Distribution 


Late Early and Middle Pleistocene, Achaia (Esu & Gi- 
rotti, 2015). 


Valvata vivipariformis Oppenheim, 1891 
(Fig. 10. E-M) 


Valvata sp. n. Oppenheim, 1891: p. 440. 
Valvata (Aegaea) vivipariformis Oppenheim, 1891: p. 462, pl. 26, 
fig. la-d. 


Valvata (Cincinna) vivipariformis - Wenz, 1928: p. 2458. 

Valvata (Aegaea) vivipariformis - Haszprunar, 2014: p. 111. 
Valvata piscinalis - Esu & Girotti, 2015: p. 67 (non Muller, 1774). 
Valvata vivipariformis - Esu & Girotti, 2015: p. 67. 

Valvata vivipariformis - Esu & Girotti, 2018: p. 52, fig. 4F-G. 


Type locality 


“Kumari” (Aigion, Achaia). 


Material examined 


Seven spms; w76, MPUR7-4065/1, 4066/1, 4067/3, 
4160/1; w67, MPUR7-4093/1. 


Remarks 


Oppenheim (1891) recorded from “Kumari” abundant 
specimens of this extinct Valvata, characterised by raised 
and regular prosocline axial ribs. Haszprunar (2014) sug- 
gested dubitatively the attribution of this species to Vivi- 
paridae, but the presence of spiral lines on the protoconch 
(Fig. 10. M) allows its assignement to the genus Valvata 
with certainty. Esu & Girotti (2018) gave the first illustra- 
tion of this species after that drawn by the author. Valvata 
(Cincinna) costatus [sic!] Taner, 1974 (pl. 3, figs 3-4) from the 
Pliocene of Denizli (Turkey) is similar in shell shape to V. 
vivipariformis, but it differs in having sinuous ribs. Dimen- 
sions (after Oppenheim, 1891): H = 10 mm, W = 6 mm. 


Fig. 10. A-D. Valvata pyramidula Esu & Girotti, 2015, w66, Holotype SMF 345727, H = 7.2 mm, W = 6 mm. E-M. Valvata vivipariformis Oppenheim, 
1891. E-G. w76, MPUR7-4066, H = 8 mm, W = 6 mm. H-l. w67, juvenile, MPUR7-4093, H = 4.5 mm, W = 4.5 mm. J-M. w76, MPUR7-4065, H = 
7.2 mm, W = 6 mm. M. detail of the protoconch, SEM image. 


Fig. 10. A-D. Valvata pyramidula Esu & Girotti, 2015, w66, Olotipo SMF 345727, H = 7,2 mm, W = 6 mm. E-M. Valvata vivipariformis Oppenheim, 


1891. E-G. w76, MPUR7-4066, H = 8 mm, W = 6 mm. H-l. w67, giovanile, MPUR7-4093, H = 4,5 mm, W = 4,5 mm. J-M. w76, MPUR7-4065, H = 


7,2 mm, W = 6 mm. M. dettaglio della protoconca, immagine SEM. 
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Distribution 


Late Early and Middle Pleistocene, Achaia (Oppenheim, 
1891; Esu & Girotti, 2015). 


Infraclass Euthyneura Spengel, 1881 
Superorder Hygrophila Férussac, 1822 
Order unassigned 
Superfamily Lymnaeoidea Rafinesque, 1815 
Family Lymnaeidae Rafinesque, 1815 
Genus Corymbina Bukowski, 1892 


(Type species Corymbina rhodensis Bukowski, 1892) 


Corymbina bicarinata (Fuchs, 1877 
(Fig. 11. A-H) 


Fig. 11. A-G. Corymbina bicarinata (Fuchs, 1877). A-E. w67, MPUR7-4275/2. A-C. H = 9 mm, W=7 mm. D-E. H = 8 mm, W 
MPUR7-4305/1, H = 10 mm, W = 8 mm. H. Detail of Fig. 15, soms of C. bicarinata in the sediment (w76), MPUR7-4279. 


Lymnaeus bicarinatus Fuchs, 1877: p. 37, pl. 4, figs 7-8. 

Limnaeus adelinae - Oppenheim, 1891: p. 440 (non Forbes & 
Spratt, 1857). 

Adelina elegans - Oppenheim, 1891: p. 463, pl. 26, figs 2a-c (non 
Cantraine, 1841). 

Adelinella elegans - Gillet, 1963: p. 404, pl. 2, figs 9-17 (non Can- 
traine, 1841). 

Adelinella elegans - Gillet et al., 1979: p. 570, pl. 5, figs 5-10 (non 
Cantraine, 1841). 

Corymbina elegans - Esu & Girotti, 2015: p. 67 (non Cantraine, 1841). 


Type locality 


Livonates (Atalanti, Phthiotis, Greece), sandy “Levan- 
tine” freshwater beds. 


Material examined 
Fourty-nine spms; w67, MPUR7-4275/2, 4091/20; w66, 


6 mm. F-G. W76, 


Fig. 11. A-G. Corymbina bicarinata (Fuchs, 1877). A-E. w67, MPUR7-4275/2. A-C. H = 9 mm, W = 7 mm. D-E. H = 8 mm, W = 6 mm. F-G. w76, 
MPUR7-4305/1, H = 10 mm, W = 8 mm. H. Dettaglio della Fig. 15, esemplari di C. bicarinata nel sedimento (w76), MPUR7-4279. 


MPUR7-4090/1; w76, MPUR7-4092/5, 3917 /fg., 4237/1, 
4207/6, 4279/3, 4305/1, 4306/10. 


Remarks 


Fuchs (1877) recorded only one specimen of C. bicarina- 
ta, along with the typical Corymbina elegans (Cantraine, 
1841, pl. 5, figs 12-12a), at Livonates (Phthiotis). C. bica- 
rinata distinguishes from C. elegans in having a shorter 
spire, flattened upper part of the whorls, which are de- 
limited by a sharp carina (or strong angulation) run- 
ning to the aperture, and a quadrangular aperture 
showing an angulation on the upper part of the outer 
margin. Gillet et al. (1979) collected many carinated 
specimens from the type locality, assigning them to C. 
elegans and considering bicarinata a “varieté” of elegans. 
Following Fuchs (1877), a second smooth and faint cari- 
na — which was described neither by Gillet et al. (1979) 
nor by us — occurs in the middle of the last whorl of the 
unique specimen recorded. Specimens found at Kou- 
mares by Oppenheim (1891) show a carinate type with 
only one carina, as in our material from the same local- 
ity (Fig. 11. F-H). Considering the constant differences 
between the two morphotypes, bicarinata and elegans 
(with one or two carinae and not carinate, respectively), 
we maintain, until proven otherwise, the distinction be- 
tween the two species. Specimens from Koumares (Op- 
penheim, 1891): H = 11 mm, W = 9 mm; our material: H 
= 9-10 mm, W = 7-8 mm. All are smaller than those 
from the type locality (Fuchs, 1877): H = 20 mm, W = 17 
mm. 


Distribution 


Late Early Pleistocene, Livonates (Phthiotis) (Fuchs, 
1877; Gillet et al., 1979); Late Early and Middle 
Pleistocene, Achaia (Oppenheim, 1891; Esu & Girot- 
ti 2015), 


Family Planorbidae Rafinesque, 1815 
Genus Planorbis Miiller, 1773 


(Type species Helix planorbis Linnaeus, 1758) 


Planorbis sp. 
(Fig. 12) 


Planorbis sp. - Esu & Girotti, 2015: p. 67. 


Material examined 


Six spms, w106, MPUR7-4094/5, 4309/1. 


Remarks 


A few small fragmentary specimens, with regularly 
growing whorls and deep suture, from only one sec- 
tion. Currently, Planorbis species live in shallow stand- 
ing or slowly running freshwater. 


Fig. 12. Planorbis sp., w106, MPUR7-4309, W = 5 mm, umbilical view. 
Fig. 12. Planorbis sp., w106, MPUR7-4309, W = 5 mm, vista ombelicale. 


Class Bivalvia Linnaeus, 1758 
Subclass Palaeoheterodonta (of authors) 
Order Unionida J.E. Gray, 1854 
Superfamily Unionoidea Rafinesque, 1820. 
Family Unionidae Rafinesque, 1820 
Genus Unio Philipsson in Retzius, 1788 


(Type species Mya pictorum Linnaeus, 1758) 


Unio cf. pictorum (Linnaeus, 1758) 
(Fig. 13. A-E) 


cf. Mya pictorum Linnaeus, 1758: p. 671. 

cf. Unio pictorum - Ellis, 1978: p. 24, fig. 7. 

Unio cf. crassus - Esu & Girotti, 2015: p. 67 (non Philipsson in 
Retzius, 1788). 3 

cf. Unio pictorum - Araujo et al., 2017: p. 2, figs 1, 2, 10, 11, 15. 


Material examined 


Juveniles and fragmentary shells; w66, MPUR7-4276/2, 
4095/1, 4096/5, 4300/1; w57, MPUR7-4308/2. 


Remarks 


As well known, many problems arise in defining Unio 
species only on shell morphology, then, at the same 
time, modern molecular approach is utilised by several 
authors (Prié et al., 2012; Araujo et al., 2017; Marrone et 
al., 2019, among others). Nevertheless, species identifi- 
cation for not complete specimens recorded at Synania 
Fm is tentatively given here, considering shell charac- 
ters and the biogeographical distribution of Unio spe- 
cies, as stated by genetic relationships among European 
living populations (Araujo et al., 2017; Marrone et al., 
2019). Shell characters of spms from w66: umbo slightly 
swollen with strong undulated and tubercular rugae ar- 
ranged in two radiating rows; external surface with 
well marked, raised and spaced growth lines; anterior 
dorsal margin rounded, upper margin continuous in 
front of the umbo; hinge-plate curved slightly down- 
wards in front of the umbo, anterior lateral teeth thick, 


syJeuwas jer1Hojoda0aejed pue saneua]sÁs (993910) CIEYDY WOJJ eune, UEISN||OW AULELW-UOU aUSDOJSIS|d AJPPIN - AjseqZ aye] e bunepdn: 


75 


OJD OPJeOPO 8 NS3 elalueg 


76 


Fig. 13A-E. Unio cf. pictorum (Linnaeus, 1758), w66. A, B. Juvenile, RV, MPUR7-4276/a, exterior (A), interior (B), H = 10 mm, L= 15 mm. C, D. 
Juvenile, RV, MPUR7-4276/b, umbonal view (C), interior (D), H = 9 mm, L= 12 mm. E. RV, MPUR7-4095/1, H = 18 mm, L= 25 mm. 


Fig. 13A-E. Unio cf. pictorum (Linnaeus, 1758), w66. A, B Giovanile, valva destra, MPUR7-4276/a, esterno (A), interno (B), H = 10 mm, L= 15 mm. C, D. 
Giovanile, valva destra, MPUR7-4276 / b, vista umbonale (C), interno (D), H = 9 mm, L= 12 mm. E. valva destra, MPUR7-4095/1, H = 18 mm, L= 25 mm. 


straight and laminar, posterior lateral teeth straight, 
long and laminar, cardinal teeth not visible; anterior ad- 
ductor impression deep, laying close to the anterior 
shell margin; inner shell white, nacreous and shiny. 
These morphological characters fit mainly the descrip- 
tion and illustration of U. pictorum given by Ellis (1978) 
for British specimens, and by Araujo et al. (2017) for 
Greek specimens. According to genetic data performed 
by Araujo et al. (2017), pictorum occurs also in Greece at 
present. U. crassus Philipsson in Retzius, 1788, living in 
Greece too (Araujo et al., 2017), distinguishes mainly in 
having a strongly deflected anterior hinge-teeth (Ellis, 
1978). U. pictorum inhabits slow rivers, lakes, canals and 
large ponds; it revealed to be a polymorphic species, as 
considerable shell shape variation occurs in different 
habitats (Zieritz et al., 2010; Araujo et al., 2017). 


Distribution of U. pictorum 


Middle Pleistocene (Cromerian), England (Ellis, 1978); 
Quaternary, central Europe (LoZek, 1964); Recent, broad 
European, from England to the East (Ukraina, Russia 


and Iran), Balkans, Greece (not in Spain, Italy and North 
Africa) (Araujo et al., 2017). 


Subclass Heterodonta (of authors) 
Order Cardiida Férussac, 1822 
Superfamily Cardioidea Lamarck, 1809 
Family Cardiidae Lamarck, 1809 
Subfamily Lymnocardiinae Stoliczka, 1870 
Genus Didacna Eichwald, 1838 


(Type species Cardium trigonoides Pallas, 1771) 


Didacna fuchsi (Philippson, 1890) 
(Fig. 14. A) 


Cardium fuchsi n. sp. Philippson, 1890: p. 40. 

Cardium (Didacna) fuchsi Philippson, 1890: p. 50, fig. 10. 
Cardium fuchsi - Oppenheim, 1891: p. 440. 

Didacna fuchsi - Gillet, 1963: p. 403, pl. 1, figs 1-9. 

Didacna fuchsi - Vardala-Theodorou & Nicolaidou, 2007: p. 66. 
Didacna fuchsi - Esu & Girotti, 2015: p. 67. 


Type locality 


Near Kalamaki (Corinth), Early Pleistocene. 


Material examined 


A few fragmentary shells; w76, MPUR7-4279/1, 4285/2. 


Remarks 


Philippson (1890) described this species on a small right 
valve (H = 17 mm, L = 23 mm), with preserved hinge 
and 14-15 raised radial ribs, collected from white marls 
cropping out at Kleonae, near the Corinth Isthmus. He 
suggested affinity of C. (D.) fuchsi, and of Cardium tenue 
Fuchs, 1877 from the Corinth deposits (see below), with 
the extant brackish cardiids of the Black and Caspian 
seas, especially with the genus Didacna. Later, Gillet 
(1963) recovered from the same area several specimens 
of D. fuchsi. Modern stratigraphical studies on Corinth 
Canal sections assigned to the Early and Middle Pleisto- 
cene the fresh-brackish marly layers with D. fuchsi, 
which are overlaid with Tyrrhenian strata (Neuser et al., 
1982). This species seems to be distributed in the Early 
and Middle Pleistocene marls of the Corinth area along 
with other peculiar species, such as T. micans, C. bicari- 
nata (Corymbina elegans too?), Monodacna tenue, and dre- 
issenids, common to the Koumares deposits (Oppen- 
heim, 1891; Gillet, 1963). 


Distribution 


Late Early and Middle Pleistocene, Corinth area and 
Corinth Canal (Philippson, 1890; Gillet, 1963; Neuser et 
al., 1982), Aigion (Achaia) (Oppenheim, 1891, and this 
paper); Pleistocene (probably reworked), Perachora 
Peninsula (Corinth) (Vardala-Theodoru & Nicolaidou, 
2007). 


Genus Monodacna Eichwald, 1838 


(Type species Corbula caspia Eichwald, 1829) 


Monodacna? cf. tenue (Fuchs, 1877) 
(Fig. 14. C) 


cf. Cardium tenue Fuchs, 1877: p. 8, figs 9-11. 
cf. Cardium tenue - Philippson, 1890: p. 50. 

cf. Cardium tenue - Oppenheim, 1891: p. 440. 
Monodacna tenue - Esu & Girotti, 2015: p. 67. 


Material examined 


A few fragmentary shells and internal moulds; w76, 
MPUR7-4279, 4284/1. 


Remarks 


Small fragments and internal moulds of lymnocardiid 
shells (Fig. 14C), characterised by thin and dense radial 
ribs, are recognizable in silty sedimens at Koumares. 
Possibly, they are attributable to Cardium tenue Fuchs, 
1877, as identified by Oppenheim (1891) (unfortunately 
without illustration) in the same locality (“Kumari”). 


The poor preservation of our material does not allow a 
certain identification at genus and species level. Fuchs 
(1877) recorded his species from Kalamaki (Corinth). 
Gillet (1963) assigned C. tenue from Corinth area to the 
genus Monodacna, later, Freyberg (1973) to Neopseudo- 


Fig. 14. A. Didacna fuchsi (Philippson, 1890), w76, LV, MPUR7-4279, 
detail of Fig. 15, H = 25 mm, L = 25 mm. B. Lymnocardiinae indet., 
w76, MPUR7-4279, detail of Fig. 15, H = 9 mm, L= 16 mm. C. Mono- 
dacna? cf. tenue (Fuchs, 1877), w76, LV, MPUR7-4284, H = 12 mm, W 
= 15 mm. 


Fig. 14. A. Didacna fuchsi (Philippson, 1890), w76, valva sinistra, 
MPUR7-4279, dettaglio della Fig. 15, H = 25 mm, L= 25 mm. B. Lym- 
nocardiinae indet., w76, MPUR7-4279, dettaglio della Fig. 15, H = 9 
mm, L = 16 mm. C. Monodacna? cf. tenue (Fuchs, 1877), w76, valva 
sinistra, MPUR7-4284, H = 12 mm, W = 15 mm. 
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catillus catilloides (Andrussov, 1923), a species known 
from the Early Pleistocene of the Caspian region (Turk- 
menistan, Azerbaijan and Ural Basin). Nevesskaja et al. 
(1997), while assigning catilloides to Monodacna, did not 
confirm the conspecificity of the two species. Neuser et 
al. (1982, pl. 5, figs e-f) recorded “N. catilloides” (= M. 
tenue), from the Middle Pleistocene fresh-brackish de- 
posits of the Corinth Canal. 


Distribution of M. tenue 


Late Early and Middle Pleistocene, Corinth area (Fuchs, 
1877; Gillet, 1963; Freyberg, 1973; Neuser et al., 1982), 
Achaia (Oppenheim, 1891). 


Lymnocardiinae gen. et sp. indet. 
(Figs 14. B, 16) 


Material examined 


Shell fragments; w200, MPUR7-4286/10; articulated 
valves, w76, MPUR7-4279/1. 


Remarks 


Small lymnocardiids with articulated, ribbed valves, and 
some fragments are widespread in the silty sediments of 
the Koumares Member. The poorly preserved material 
does not allow genus and species identification. 


Order Myida Stoliczka, 1870 
Superfamily Dreissenoidea J.E. Gray, 1840 
Family Dreissenidae J.E. Gray, 1840 
Genus Dreissena Van Beneden, 1835 


(Type species Mytilus polymorphus Pallas, 1771) 


Dreissena polymorpha (Pallas, 1771) 
(Fig. 15. A-D) 


Mytilus polymorphus Pallas, 1771: p. 478. 

Congeria ct. clavaeformis - Fuchs, 1877: p. 6, pl. 1, fig. 7 (non 
Krauss, 1852). 

Congeria subcarinata - Oppenheim, 1891: 440 (non Deshayes, 
1838). 

Dreissena polymorpha cum var. - Gillet et al., 1979: p. 565, pl. 3, 
figs 1-4. 

Dreissena polymorpha - Koskeridou & loakim, 2009: p. 97. 

Dreissena polymorpha - Esu & Girotti, 2015: p. 67. 

Dreissena polymorpha s.l. - Wesselingh et al., 2019: p. 61. 


Type locality 
Volga and Yaik (Ural) rivers, Caspian Sea. 


Material examined 


Many juveniles and fragmentary shells; w57, MPUR7- 
4278/1, 4281/20, 4283/1; w76, MPUR7-4287/10; w991, 
MPUR7-4291 /8; w66, MPUR7-4290/10, 4301/25. 


Remarks 


Many small and medium-sized shells, equilateral, sub- 
triangular, elongate, with a somewhat strong dorsal-api- 
cal carina and pointed umbo were recovered. D. poly- 
morpha is a widely invasive species, largely distributed 
also in the past (Settepassi & Verdel, 1965). Frequently, 
Dreissena shell-beds occur in Quaternary non-marine 
stratigraphical successions. Dimensions: H = 15-30 mm, 
L = 20-50 mm (Welter-Shultes, 2012). At Present, it oc- 
curs in a range of habitats, from fresh- to slightly brack- 
ish-water with salinities ranging 0.007-14 %o, in lakes, 
rivers and estuaries, attached to solid things by its bys- 
sus, requiring water temperature above 10°C to grow 
and above 14°C to reproduce (Pollux et al., 2010). 


Distribution 


Native Pontocaspian. Late Miocene, Lake Pannon and 
Dacian Basin (Harzhauser & Mandic, 2010); Pliocene 
and Quaternary, Europe (LoZek, 1964; Pollux et al., 
2010); Recent, Eurasian, North America (invasive) (Wes- 
selingh et al., 2019). 


Superfamily Sphaerioidea Deshayes, 1855 
(Rafinesque, 1820) 
Family Sphaeriidae Deshayes, 1855 
(Rafinesque, 1820) 
Genus Pisidium C. Pfeiffer, 1821 


(Type species Tellina amnica Miller, 1774) 


Pisidium amnicum (Miller, 1774) 
(Fig. 15. E-F) 


Tellina amnica Miller, 1774: p. 205. 
Pisidium amnicum - Gillet et al., 1979: p. 562, pl. 1, fig. 8. 
Pisidium amnicum - Esu & Girotti, 2015: p. 67. 


Type locality 


Not given. 


Material examined 


Tens of spms (valves); w106, MPUR7-4277/1, 4280/7; 
w66, MPUR7-4097 /81. 


Remarks 


It is the largest species of the genus. Shell thick, globose 
or obliquely triangular, with rounded umbo, and irregu- 
lar and often strong concentric growth lines, and ro- 
bust and broad hinge plate distinguish this species (El- 
lis, 1978). It is frequent at various levels of the Synania 
Em, generally with small specimens (H = 5.5 mm, L = 6 
mm) in comparison with maximum size recorded (H = 
10 mm, L = 13 mm) (Castagnolo et al., 1980). Now liv- 
ing in larger creeks, rivers, canals, littoral zones of large 
lakes, preferring slow flowing clear and moderately 


PR 


Fig. 15. A-D. Dreissena polymorpha (Pallas, 1771), w57. A-B. MPUR7-4278, RV, exterior (A), interior (B), H = 3 mm, L = 4.5 mm. C-D. MPUR7-4283, 
LV, exterior (C), interior (D), H = 5 mm, L= 7 mm. E-F. Pisidium amnicum (Muller, 1774), w106, MPUR7-4277, RV, interior (E), exterior (F), H = 5.5 


mm =6 mm. 


Fig. 15. A-D. Dreissena polymorpha (Pallas, 1771), w57. A-B. MPUR7-4278, Valva destra, esterno (A), interno (B), H = 3 mm, L = 4,5 mm. C-D. 
MPUR7-4283, Valva sinistra, esterno (C), interno (D), H = 5 mm, L= 7 mm. E-F. Pisidium amnicum (Muller, 1774), w106, MPUR7-4277, Valva destra, 


interno (E), esterno (F), H = 5,5 mm, L = 6 mm. 


hard water; usually not below 10 m depth, maximum 
35 m (Ellis, 1978; Welter-Shultes, 2012). 


Distribution 


Miocene to Quaternary, Europe (Settepassi & Verdel, 
1965; Ellis, 1978; Schneider € Prieto, 2011); Recent, 
Palearctic and E North America (Welter-Shultes, 2012). 


Palaeoecological remarks 


The Synania Formation yielded a significant amount of 
non-marine gastropods and bivalves. The material, es- 
pecially as for gastropods, is mostly well preserved, but 
many of the unionids and lymnocardiids are fragment- 
ed with abundant shell debris, in some cases. Numer- 


ous juvenile specimens of Dreissena and Pisidium were 
recovered. The molluscan fauna is displayed in Tab. 1. 
The richest stratigraphical sections revealed to be Neos 
Erineos (w66), Selianitika (w67) and Koumares (w76). 
At Neos Erineos (w66), more than 6000 specimens of 
very well preserved small gastropods and bivalves 
were recovered. The assemblage, composed of 16 spe- 
cies (13 gastropods and 3 bivalves) is dominated by 
freshwater taxa, such as members of Theodoxus, Pyrgula, 
Lithoglyphus, Pisidium, Dreissena, and Islamiinae, which 
are characteristic of flowing water with high oxygen 
content, such as brooks, rivers, lacustrine littoral zone 
(input of fluvial water included). In addition, representa- 
tives of genera requiring gently moving water, such as 
Melanopsis, Valvata and Unio, are quite well represented. 
A lacustrine environment with clear, slow-moving and 
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Fig. 16. Molluscan assemblage, MPUR7-4279, w76, Koumares. 


Fig. 16. Associazione malacologica, MPUR7-4279, w76, Koumares. 


shallow water (probably less 10 m deep) is envisaged 
for this sedimentary deposit. At Selianitika (w67), only 
gastropods occur, with 10 species and a much smaller 
number of specimens, if compared to Neos Erineos. The 
prevalence of Melanopsis, Valvata and a member of Lym- 
naeidae (Corymbina) ot calm water over taxa of flowing 
water, such as Theodoxus, Bythinella and Pyrgula, suggest 
a lacustrine environment with low influence of moving 
water and increase in marshy conditions. The Kou- 
mares Member (w76), located in the upper part of the 
Synania Fm, is characterised by the occurrence of Lym- 
nocardiinae (Fig. 16), which seem to be very rare or 
lacking in other stratigraphical sections. Their presence 
is indicative of very shallow lacustrine-brackish water 
with low salinity (oligo-mesohaline) (Wesselingh et al,, 
2008), suggesting a probable influence of a nearby la- 
goonal-marine environment. Theodoxus tolerates brack- 
ish water with salinity up to 17%o (Fretter & Graham, 
1978). The presence of Corymbina and two species of 
Valvata indicates calm water. A probable input of fluvial 
water into brackish environment is suggested by the oc- 
currence of many specimens of Theodoxus and Dreissena. 
Among other sections, Aravonitsa-Kato Synania yield- 
ed poor assemblages with sporadically spread species 


and, generally, less abundant specimens. We can note 
the local occurrence (w106, w991, w57) of the genus 
Viviparus, typical of calm or slow flowing water, which 
was not recorded elsewhere. In some layers (w57), a 
certain amount of Dreissena valves, along with Theodo- 
xus specimens, and a large number of opercula without 
shell remains (?Lithoglyphidae, ?Bithyniidae) testifies a 
running water input. A probable fluvio-lacustrine envir- 
onment was possible in this area. 

For the ecological requirements of the mentioned taxa, 
see Girod et al., 1980; Giusti & Pezzoli, 1980; Wesselingh 
et al., 2008; Cianfanelli, 2009; Bodon & Cianfanelli, 2012; 
Welter-Shultes, 2012. 


Conclusions 


The Synania Formation yielded rich freshwater-oligo- 
haline assemblages typical of the coeval Late Pliocene 
and Early Pleistocene lacustrine basins of Greece, which 
generally share similar faunal composition character- 
ized by members of Theodoxus, Melanopsis, Pyrgula, Mi- 
cromelania, Valvata, Corymbina, Dreissenidae and Lym- 
nocardiinae (Fuchs, 1877; Oppenheim, 1891; Gillet, 1962, 


1963; Gillet et al., 1979; Neuser et al., 1982; Tsoflias, 
1989; Koskeridou éz loakim, 2009). The lacustrine sedi- 
mentation of the Synania Fm - falling within the range 
between 1.8 and 0.4 Ma - is testified by lithological evi- 
dence (Ford et al., 2016). The molluscan fauna, predom- 
inantly composed of freshwater lacustrine and flowing 
water taxa, indicates a not deep lake with slow moving 
water, sometimes subjected to fluvial input. In less 
amount, low brackish elements, such as Lymnocardi- 
inae, are recorded in the upper part (Koumares Mem- 
ber) of the lacustrine succession. These bivalves, occur- 
ring in other Plio-Pleistocene non-marine basins of 
Greece and in the modern Black and Caspian basins, 
point to a low brackish (oligo-mesohaline) environment 
(Wesselingh et al., 2008). Stratigraphical data also sup- 
port a marine-lagoonal input for the Koumares Mem- 
ber, which is aged Middle Pleistocene at 0.781-0.4 Ma 
(Ford et al., 2016). The persistence of (at least) some re- 
corded species until the first part of the Middle Pleisto- 
cene is inferred. The Synania Fm fauna includes two 
species of Melanopsis (with abundant specimens), which 
are thermophiles taxa indicating that temperate condi- 
tions are represented during the lacustrine sedimenta- 
tion. All the recorded gastropods (except for two or 
three, known with doubt as fossil in Croatia, Hungary 
and Romania), and two bivalves are endemic to Greece 
and extinct, whilst three bivalves are still living and 
widespread in Europe. A rather high rate of endemism 
(46%) to the Aigion Basin is detected. 
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First record of Diodora demartiniorum Buzzurro & Russo, 
2005 (Gastropoda: Fissurellidae) in the Maltese waters 
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Abstract 

First record regarding the presence of Diodora demartiniorum Buzzurro & Russo, 2005 (Gastropoda: Fis- 
surellidae) in the Maltese waters. Present sightings widen the known distribution of this species, which 
was considered until now endemic of Gulf of Gabès and Libya. 


Key words 
Diodora demartiniorum, Fissurellidae, Mollusca, new report, Malta. 


Riassunto 

[Primo ritrovamento di Diodora demartiniorum Buzzurro & Russo, 2005 (Gastropoda: Fissurellidae) nelle 
acque Maltesi]. Prima segnalazione della presenza di Diodora demartiniorum Buzzurro & Russo, 2005 
nelle acque Maltesi. Il presente rinvenimento amplia l'areale di distribuzione di questa specie, considerata 


fino ad ora endemica del Golfo del Gabès e Libia. 


Parole chiave 


Diodora demartiniorum, Fissurellidae, Mollusca, nuova segnalazione, Malta. 


Introduction 


According to WoRMS (accessed on 09/02/2020), 88 re- 
cent species are currently placed in the genus Diodora 
Gray, 1821, with a worldwide distribution. In the Medi- 
terranean Sea, according to the systematic list of the 
SIM (Italian Society of Malacology) (accessed 
09/02/2020) 9 species are present. 


Material and methods 


Samples were collected beached after storms. WORMS 
database, and the systematic list of the SIM, were used 
for nomenclatural updates. Sizes reported are in milli- 
meters and given as shell height. Samples were meas- 
ured with Vernier calipers to the nearest 0.1 mm. Photos 
were obtained with a digital camera and processed with 
photo editor softaware (brightness/contrast and color 
balance adjustments only and applied to the entirety of 
the image). 


Abbreviations and acronyms. The following abbrevi- 
ations and acronyms were used: WORMS: World Reg- 
ister of Marine Species; SIM: Società Italiana di Malaco- 
logia; ANC: Andrea Nappo Collection (Pomezia, Italy). 


Nine species belonging to the genus Diodora Gray, 1821 
have been recorded in the Mediterranean Sea (SIM, ac- 
cessed 09/02/2020). D. demartiniorum Buzzurro & Rus- 
so, 2005 was originally described for the Gulf of Gabes, 
Libya and Aegean Sea. Recently Aissaoui et al. (2017) 
highlighted the differences between the populations of 


Tunisia and Aegean Sea, ascribing the latter ones to D. 
giannispadai Aissaoui et al., 2017. Therefore D. demarti- 
niorum Buzzurro & Russo, 2005 is only recorded from the 
Gulf of Gabès and Libya (Aissaoui et al., 2017). During 
field researches held between 2003 to 2020, 12 empty 
shells in perfect conditions were collected after storms 
at Il-Bajja ta'San Gorg and Il-Bajja s-Sabiha, Birzebbuga, 
Malta. Some of these specimens were found with traces 
of soft parts inside. 

Morphological shell features matched those of D. de- 
martiniorum Buzzurro & Russo, 2005, thus offering us 
the possibility to enlarge its geographic distribution. 
Following Aissaoui et al. (2017), this species posses few 
relevant characteristic: sculpture with 75 to 78 equal, 
closely and evenly spaced primary radial ribs of even 
size with 2 secondary riblets per interspace; commar- 
ginal cords fine and evenly spaced; anal pore round- 
ed-elongated; distance to anterior shell edge 40-52% of 
distance to posterior shell edge; inner background col- 
our beige, darker apically; outer shell surface dark grey 
with greenish bands radiating from the apex; profile 
quite flattened, peristome adherent to the plane. 


Acknowledgements 


The author thanks the referee Paolo Russo (Venice, Italy) 
for critical reading of the manuscript. The author thanks 
also Christabel Grima (Xghajra, Malta) and Stephen 
Cardona (Mqabba, Malta) for their scientific and techni- 
cal cooperation. 


Fig. 1 A-C: D. demartiniorum Buzzurro & Russo, 2005. Il-Bajja ta'San Gorg, Birzebbuga, Malta. 38.1 mm (ANC); D-G: D. demartiniorum Buzzurro & 
Russo, 2005. Il-Bajja s-Sabiha, Birzebbuga, Malta. 10.7 mm (ANC). 


Fig. 1 A-C: D. demartiniorum Buzzurro & Russo, 2005. Il-Bajja ta'San Gorg, Birzebbuga, Malta. 38,1 mm (ANC); D-G: D. demartiniorum Buzzurro 8 


Russo, 2005. Il-Bajja s-Sabiha, Birzebbuga, Malta. 10,7 mm (ANC). 
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Abstract 

After an in-depth study of the original descriptions and of the subsequent records nowadays available, 
Trapania graeffei (Bergh, 1881) is here re-established as a valid species, distinct from the congeneric At- 
lantic 7. fusca (Lafont, 1874). In particular, since all the Mediterranean records of 7. fusca are non-congru- 
ent with the original description of this species by Lafont (1874) and on the contrary they match with the 
external morphology of 7. graeffei described by Bergh (1881), we definitively propose that the latter spe- 
cies has to be considered valid and endemic to the Central Mediterranean basin. On this basis, the distri- 
bution of T. fusca is restricted to the type locality, the Arcachon basin (French Atlantic coasts), since to date 
the record of Lafont (1874) is the only one congruent with the morphology of this species. 


Key words 
Goniodoridae, Trapania fusca, Trapania graeffei, synonymy, valid species. 


Riassunto 

Dopo un accurato studio delle descrizioni originali e delle successive citazioni ad oggi disponibili, Trapania 
graeffei (Bergh, 1881) è qui ristabilita come specie valida e distinta dalla congenerica atlantica T fusca 
(Lafont, 1874). In particolare, poiché tutti gli esemplari mediterranei segnalati di 7. fusca non sono con- 
gruenti con la descrizione originale di questa specie fatta da Lafont (1874), ma piuttosto rispettano la 
morfologia esterna descritta da Bergh (1881) per 7. graeffei, quest'ultima specie deve essere considerata 
valida ed endemica del bacino mediterraneo centrale. Quindi, la distribuzione di 7. fusca è ristretta alla 
sola località tipo, il bacino di Arcachon, (coste francesi dell'Oceano Atlantico), essendo ad oggi la segna- 


lazione di Lafont (1874) l'unica attribuibile a questa specie. 


Parole chiave 


Goniodoridae, Trapania fusca, Trapania graeffei, sinonimia, specie valida. 


Introduction 


In 1874, Lafont described a new genus, Drepania, and its 
type species, Drepania fusca, from the Arcachon basin, 
French Atlantic coasts. In the following years, two other 
species have been described and ascribed to this Go- 
niodoridae genus, and both found in the Mediterranean 
basin: Drepania graeffei (Bergh, 1881) from a specimen 
living in the Gulf of Trieste and Drepania tartanella (Ihe- 
ring, 1886) from Naples (Central Tyrrhenian Sea). For 
several decades, these remained the three only species 
of the genus. In 1931 Pruvot-Fol changed the name of 
the genus, from Drepania to Trapania, since the name 
Drepania was already preoccupied for a genus of Lepi- 
doptera (Hubner, 1816). In 1954, in her monograph on 
the opistobranchs of France, Pruvot-Fol placed the two 
Mediterranean species of Trapania in synonymy under 
the name of the firstly described T. fusca. Due to this 
questionable change, in the following years, repeated 
controversies have characterized the species belonging 
to this genus. Regarding Trapania tartanella for example, 
many authors considered it as a valid species (Haefelfin- 
ger, 1960a; Ortea et al., 1989; Cattaneo-Vietti & Thom- 
pson, 1989; Cervera et al., 2000; Gosliner & Fahey, 2008; 
Valdes, 2009; MolluscaBase, 2020b). Interestingly, T. tar- 


tanella could be considered morphologically very simi- 
lar to another species described about a century later, T. 
hispalensis Cervera & Garcia-Gomez, 1989, from which it 
is however distinct. Anyhow, until today T. graeffei has 
usually been treated as a synonym of T. fusca from sev- 
eral authors (Pruvot-Fol, 1954; Kress, 1970; Nordsieck, 
1972; Schmekel & Portmann, 1982; Rudman, 1987; Sa- 
belli et al., 1990); while only a few others (Haefelfinger, 
1960a; Cervera et al., 2000) preferred to consider it as a 
valid species. Even if the validity of T. graeffei is also 
supported by WoRMS database (MolluscaBase, 2020a), 
this taxon is still questioned by scientific community 
and, moreover, it is a common practice to ascribe to T. 
fusca geographical reports of individuals showing a 
phenotype associated to T. graeffei with consequently 
incorrect data on the distribution of this latter species. 
For all the reasons above, here the validity of the T. 
graeffei species is definitively reinstated and notes on its 
geographical range of distribution are reported. 


Discussion and results 


Lafont (1874) in describing 7. fusca gave a detailed char- 
acterization of the external morphology, but no data on 


the internal anatomy were provided. For the genus: 
Body soft, smooth, convex at the back, posteriorly sharp, 
rounded head; the anterior tentacles are cylindrical; upper 
tentacles (=rhinophores) clavate, lamellate in the middle, 
provided with a sickle-shaped appendix at the base; 3 
feathery gills, also equipped with sickle-shaped lateral ap- 
pendages; foot narrow, expanded at the top and elongated; 
genital orifice located under the upper right tentacle. For 
the species: Body brown, speckled with small white dots; 
anterior tentacles yellow, with brown base; upper tentacles 
with translucent base, cylindrical apex, greenish-yellow 
and middle part lamellate with 7 lamellae; branched gills, 
pale yellow in color. (Fig. 1). 


Fig. 1. Original description of Drepania fusca Lafont, 1874. 


Fig. 1. Descrizione originale di Drepania fusca Lafont, 1874. 


About T. graeffei Bergh wrote: “According to the notes 
and the colored sketch of Dr. Graeffe, the animal's color is 
pinkish transparent, with a series of brownish-black spots 
irregularly scattered on the back. The rhinophores and 
gills are pinkish. The animal preserved in alcohol was 
whitish in color, with pinkish tints on the tail and append- 
ages; on the whole back, especially towards the head, be- 
hind the gills on the sides, a large number of black-brown- 
ish patches and spots, sometimes confluent. The rhino- 
phores are robust, with short stem and club with about 15 
blades; at the apex a digitiform appendix. The gill is com- 
posed of three leaves, of which the median one is larger; at 
the sides of the gills a pair of robust curved appendages. 
The rather narrow foot protrudes slightly on the sides of 
the body; the tail is robust” (Fig. 2). 

Bergh also extensively described the internal anat- 
omy and radula of the T. graeffei holotype, but no 
comparison with T. fusca is possible since, as men- 
tioned above, Lafont did not give any description in 
this regard. Evaluations on the validity of consider- 
ing the two taxa as a single species, or two distinct 
species, can therefore only be made by referring to 
the external morphology. 

Placing T. graeffei in synonymy with T. fusca, Pruvot-Fol 
(1954) did not discuss her choice in detail, she merely 
wrote: 


Genus Trapania Pruvot-Fol, 1931 


“Trois espèces ont été décrites; ayant trouvé des inter- 
médiaires entre deux d'entre elles, je suis convaincue 
que «Drepania tartanella» est le jeune de «Drepania fu- 
sca». La troisieme est également synonyme (variété de 
coloration). Il n'y a donc qu'une seule espèce en Eur- 


JI 


ope. 
Trapania fusca (Drepania) (Lafont, 1874). 


Syn. Drepania graeffei Bergh, 1880 (var.). Drepania tarta- 
nella v. Iher, 1886 (juv.). 


“Avec les caractères du genre. Taille petite, jusqu'à 22 
mm.; effilée, haute au milieu. Dent en forme de lame 
courbe terminée par une cuspide crochue et denticulée 
sur un bord. Radula 1-0-1. T. tartanella n'a que 7 mm. 
Incolore, tachetée de brun; appendices et rhinophores 
jaunes. Atlantique: Arcachon. Méditerranée: Naples, 
Villefranche, Banyuls.” 


Pruvot-Fol presumed to have found intermediate speci- 
mens between T. fusca and T. tartanella, convincing her- 
self that the second was the juvenile stage of the first. 
For the “third species”, T. graeffei, merely considered it 
as a variety of colour instead. But shortly after, in de- 
scribing T. fusca, she specified it was “colourless, mot- 
tled with brown”, pattern matching the one of T. graeffei 
by Bergh and not the one of T. fusca by Lafont. The de- 
scription of the radula also seems to be extrapolated 


Fig. 2. Original description of Drepania graeffei Bergh, 1881. 
Fig. 2. Descrizione originale di Drepania graeffei Bergh, 1881. 
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from Bergh; it cannot be otherwise, as Lafont did not 
mention the radula. | 3 
After the specimens reported by Lafont from Arcachon 
and Bergh from Trieste, many new records of T. fusca/ 
graeffei followed. However, we can observe that all the 
citations from the Atlantic, examined one by one (Fi- 
scher, 1875, 1878; Locard, 1886a, 1886b, 1888; Vayssière, 
1901; Cuénot, 1904, 1927; Pruvot-Fol, 1954; Bebbington 
& Thompson, 1968; Bouchet & Tardy, 1976; Mon- 
taudouin & Sauriau, 2000), are faunal lists for the Atlan- 
tic that merely report Lafont's finding. There are there- 
after no more finds of new specimens after the original 
description, which is therefore, the only correct citation 
for the Atlantic. 

On the contrary new specimens have been found in the 
Mediterranean. First of all, Pruvot-Fol (1954), in add- 
ition to the reports of Lafont from Arcachon and Bergh 
from Trieste, listed findings along the Mediterranean 
coast from Naples, Villefranche-sur-mer and Banyuls- 
sur-mer; the one from Naples, however, should be re- 
ferred to T. tartanella, which in Pruvot-Fol opinion is a 
synonym. Then new specimens are reported from Li- 
vorno, (Sordi & Majidi, 1956), Villefranche-sur-mer 
(Haefelfinger, 1960a, 1960b), Naples (Schmekel, 1968) 
and Malta (Sammut & Perrone, 1998). Recently, on 
18/07/2018, a new specimen has been found and docu- 
mented with photographs in Trieste (Fabio Strazzi, per- 
sonal communication). 

Therefore, T. fusca sensu Pruvot-Fol (including T. graef- 
fei) would have a strange distribution, consisting of two 
disjointed and very distant areas. In the Atlantic it is 
reported only from the French coast, and in the central 
Mediterranean from the French, Italian and Maltese 
coasts. There are no reports from the thousands of kilo- 
metres of the Atlantic and Mediterranean coasts of the 
Iberian peninsula. This is not the typical distribution of 
the Atlantic-Mediterranean species, and instead sug- 
gests that the two distinct populations, not in connec- 
tion with each other, may be subspecies or different 
species. 

From the two original descriptions the difference in col- 
our is immediately evident: Lafont wrote that T. fusca is 


dark brown with minute and dense white points, yel- 
low-greenish rhinophores and yellow gills. It is not pos- 
sible that he accidentally stumbled upon an anomalous 
specimen, because he wrote that “cette espece est assez 
commune dans le Bassin d'Arcachon”. Therefore, he should 
have observed many specimens: if the colour pattern 
had been variable he would have reported it. 

On the contrary, T. graeffei is transparent white with 
pinkish tints on the tail and appendages, with large 
brown patches sometimes confluent, rhinophores and 
gills transparent pinkish-white. Bergh described a sin- 
gle specimen, and therefore he could not detect any 
intraspecific variability, but on the other hand, all the 
Mediterranean specimens of T. fusca/graeffei are match- 
ing the morphology of T. graeffei described by Bergh, 
not the one of T. fusca by Lafont. 

Pruvot-Fol (1954), in her concise description of T. fusca in 
Faune de France, described an animal colourless with 
brown spots, like T. graeffei. Therefore, she did not refer 
to Lafont's description of the Arcachon specimens, but 
she was describing the specimens she personally found 
in Banyuls and Villefranche. The description of the 
specimen from Livorno is not helpful: Sordi & Majidi 
(1956) very briefly wrote “brown back; tips of foot, gills, 
tentacles and rhinophores yellow” and no image was 
provided. Unfortunately, the undetailed description 
leaves much doubt. Haefelfinger (1960a) provided ex- 
positive photo and drawing of one specimen from 
Villefranche, and the correspondence with the de- 
scription of I. graeffei is evident; he also wrote that, 
between all the many T. fusca captured in Villefranche, 
even the juveniles showed the typical habit of black- 
brown spots on a white background. A description of 
the Schmekel's specimens from 1968 can be found in 
Schmekel & Portmann (1982): six in all, these two are 
“white with dark spots”. Sammut & Perrone (1998) 
do not describe or illustrate the specimen found in 
Malta, but photos of the same specimen are published 
on websites such as “OPK Opistobranquis” and “Na- 
turaMalta”, and in Trainito & Doneddu (2014), and are 
in accordance with Bergh's description. The specimen 
recently found in Trieste (Fig. 3), is also white with 


Fig. 3. A, B Trapania graeffei Bergh, 1881 - Trieste, 18/07/2018 (Photo Fabio Strazzi). 


Fig. 3. A, B Trapania graeffei Bergh, 1881 - Trieste, 18/07/2018 (Foto Fabio Strazzi). 


large dark patches, with relevant pink shades on gills 
and appendages. Therefore the color pattern of the 
Atlantic specimens, as described by Lafont, is very 
different from that of all the Mediterranean speci- 
mens, which are homogeneous with each other, and 
all corresponding to the description of T. graeffei. 
Another discrepancy between the Arcachon and the 
Mediterranean specimens is the size. Lafont writes 
15-22 mm for his specimens, and we remember that 
he says they were very common, so he has seen 
many ones, but evidently none under 15 mm. 

For the several specimens found in the Mediterra- 
nean, however, we find much smaller dimensions. The 
first specimen from Trieste was 7 mm (Bergh, 1881); 
no measurements are provided for the one from Li- 
vorno; the specimen photographed by Haefelfinger 
(1960a) was 5 mm; the six of Schmekel were all less 
than 6 mm (Schmekel & Portmann, 1982); the individ- 
ual from Malta was 5 mm (Sammut & Perrone, 1998); 
the new specimen photographed in Trieste by Fabio 
Strazzi was not measured, but by a calculation of the 
proportions between the image of the specimen and 
the entire frame, assuming that the focusing distance 
was, as usually happens in macro photography, next 
to the maximum allowed by the lens (ie. 1:1 ratio), it 
is assumed that the dimensions were about 15 mm. 
This is therefore, the only Mediterranean specimen 
comparable in size with those from Arcachon. On the 
other hand, it is not possible to deduce dimensions of 
the Mediterranean specimens reported by Pruvot-Fol 
(1954) as she only gave the maximum size of 22 mm, 
but she was indeed considering the specimens of Ar- 
cachon too. So, the Atlantic specimens seem varying 
from 15 to 22 mm, while the Mediterranean ones are 
all smaller than 7 mm, with the only exception of the 
second specimen from Trieste. 


Conclusions 


The obvious difference in the colouration of the holo- 
types described by Lafont and Bergh, together with the 
impossibility of comparing their radula and the internal 
anatomy, as well as the distributions, leads us to con- 
clude that there are not adequate elements to consider 
the two descriptions, by Lafont for T. fusca and by 
Bergh for T. graeffei, referring to the same species. There- 
fore we believe that, until otherwise proven, they 
should be kept distinct. In light of this, all Mediterra- 
nean specimens are to be attributed to Trapania graeffei 
(Bergh, 1881), most probably a species endemic to the 
central Mediterranean, while Trapania fusca (Lafont, 
1874) is to be considered an Atlantic taxon, known only 
from the type locality and never more reported after the 
original description. 
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Abstract 

A new species of Skeneidae is described, Dikoleps micalii n. sp., found in debris samples manually collect- 
ed at depths ranging from 33 m to 45 m along the South East coasts of Karpathos Island and the eastern 
coast of the island of Samos (Greece). The new species is characterized by the protoconch with submerged 
nucleus, that makes doubtful the generic placement in Dikoleps, and by a spiral sculpture consisting of 
18-20 spiral cords at the beginning of the last whorl, large about one-fifth of the interspaces, disappearing 
before the aperture. The most similar Mediterranean species is Dikoleps marianae Rubio, Dantart & Luque, 
1998, clearly differing for the protoconch characteristics and the spiral sculpture on teleoconch. 


Key words 
Dikoleps micalii, Eastern Aegean, new species, taxonomy, Eastern Mediterranean Sea, Greece. 


Riassunto i 
[Dikoleps micalii n. sp. (Gastropda: Skeneidae) dal Mar Egeo orientale]. Viene descritta una nuova specie 
di Skeneidae, Dikoleps micalii n. sp., rinvenuta in campioni di detrito raccolti manualmente a profondità 
comprese tra 33 m e 45 m lungo le coste sud-orientali dell'Isola di Karpathos e lungo i versanti orientali 
dell'isola di Samos (Grecia). La nuova specie è caratterizzata dalla protoconca con nucleo immerso, che 
rende dubbia la collocazione nel genere Dikoleps, e dalla scultura spirale consistente in 18-20 corde spira- 
li all'inizio dell'ultimo giro, larghe all'incirca un quinto degli interspazi, che spariscono prima dell'apertura. 
La specie mediterranea più simile è Dikoleps marianae Rubio, Dantart & Luque, 1998, che differisce net- 


tamente per le caratteristiche della protoconca e la scultura spirale della teleoconca. 


Parole chiave 


Dikoleps micalii, Mar Egeo orientale, nuova specie, tassonomia, Mediterraneo orientale, Grecia. 


Introduction 


The collection and study of several kilograms of sedi- 
ment collected by the authors in the infralittoral waters 
of the Greek islands of Karpathos and Samos led to the 
identification of a certain number of Dikoleps specimens 
not identifiable with the other species currently known. 
A specimen of the species here described as new was 
figured in Micali et al. (2017) as Dikoleps (?) sp. 1. The 
finding of more specimens and a deeper study of the 
specimens has confirmed that this is a species never de- 
scribed before. 


Material and methods 


The specimens investigated were found by examining 
under the stereomicroscope about 50 kg of marine sedi- 
ment taken manually by SCUBA diving. The material 
was collected at Achata Bay (south-eastern coast of Kar- 
pathos island, Greece), depth 33 m (coordinates 
35°33’31.201” N; 27*12'16.466” E) and Kerveli (eastern 
coast of Samos island, Greece), depth 45 m (coordinates 
37°44’6.616” N; 27°2'19.594” E). The two sampled areas 
have similar characteristics, both from the morphologic- 
al and environmental point of view. Samples were 


manually collected at the base of rocky wall reaching 
the sea surface, lacking of evident macro-algal forma- 
tions in the upper level and of coralline formations at 
lower level. The sediment was detritic, slightly muddy, 
containing remains of death organisms fall from upper 
levels. 

Looking at the shell morphological description, the proto- 
conch whorls are counted according to the method de- 
scribed by Verduin (1976). 


Abbreviations and acronyms 


SEM: scanning electron microscope. H = maximum 
height (in mm). W: maximum width (in mm). 

MNHN = Muséum National d’Histoire Naturelle, Paris. 
MUGDC = Museo Universitario dell’Universita “G. 
D’Annunzio” di Chieti. 

MSNL = Museo Scienze Naturali della Provincia di Li- 
vorno (Livorno). 


AF = Agamennone Franco collection, Pescara, Italy. GA 
= Germana Alfio collection, Trecastagni (Catania), Italy. 
MP = Micali Pasquale collection, Fano, Italy. NN=Nardi 
Natale collection, Avezzano (Aquila), Italy. SC = Sbrana 
Carlo collection, Livorno, Italy. SF = Siragusa Franco 
collection, Livorno, Italy. 
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Systematics 


Familia Skeneidae W. Clark, 1851 
Genus Dikoleps Hgisater, 1968 


Dikoleps micalii n. sp. 
(Fig. 2 A-D) 


Type material 


Holotype: H = 0.50, W = 0.50 mm, Achata Bay (Karpa- 
thos Island), depth 33 m, deposited at MNHN with the 
number MNHN-IM-2000-35222. 
Paratype 1: H = 0.49, W = 0.40 mm, Kerveli (Samos Is- 
land), depth 45 m, deposited at MUGDC with the num- 
ber MUGDC-20017. 

Paratype 2: H = 0.50 mm, W = 0.40 mm, Kerveli (Samos 
Island), depth 45 m, deposited at the MSNL. 

Paratype 3: H = 0.45 mm, W = 0.4 mm, type locality 
(AF). roe 

Paratype 4: H = 0.50 mm, W = 0.4 mm, Kerveli (Samos 


Island), depth 45 m (AF). 
Paratype 5: H = 0.6 mm, W = 0.4 mm, Amoopi Bay 
(Karpathos Island), depth 38 m _ (coordinates 


3528 16.518"..N, 27°11 46,013) E) Fae. 2E, (MP). Specis 
men figured in Micali et al. (2017). 

Paratype 6: H = 0.55, W = 0.39 mm, Kerveli (Samos Is- 
land), depth 45 m (MP). 

Paratype 7: H = 0.55 mm, W = 0.41 mm, type locality 
(56). 

Paratype 8: H = 0.40, W = 0.40 mm, Kerveli (Samos Is- 
land), depth 45 m (SF). 

Paratype 9: H = 0.50 mm, W = 0.39 mm, type locality 
(SC). 

Paratype 10: H = 0.50, W = 0.39 mm, Kerveli (Samos 
Island), depth 45 m (SC). 

Paratype 11: H = 0.50 mm, W = 0.40 mm, type locality 
(GA). 

Paratype 12: H = 0.40, W = 0.39 mm, Kerveli (Samos 
Island), depth 45 m (GA). 

Paratype 13: H = 0.55 mm, W = 0.40 mm, type locality 
(NN). 

Paratype 14: H = 0.45, W = 0.39 mm, Kerveli (Samos 
Island), depth 45 m (NN). 


Other material examined 


Dikoleps templadoi - Karpathos (Greece, Eastern Mediter- 
ranean Sea), 33 m, 3 shells (SC), 3 shells (SF). Dikoleps 
umbilicostriata - Karpathos, 33 m, 1 shell (SC), 2 shells 
(SF). Dikoleps marianae - Karpathos, 33m, 5 shells (SC), 5 
shells (SC); Dikoleps rolani - Motril (south Spain) 60 m, 7 
shells (SC), 4 shells (SC). 


Type locality 


Achata Bay, south-eastern coast of Karpathos island 
(Greece), depth 33 m (coordinates 35%33'31.201” N; 
27°12'16.466’E). | | 


Etymology 


The species is dedicated to Pasquale Micali who first 
understood its validity as a new species. 


Description 


Shell very small, thin, translucent, whitish, with about 
1.2 teleoconch convex whorls and depressed apex. Proto- 
conch (Fig. 2. D) smooth, except for fine, irregularly 
distributed granulations on the nucleus, which is sub- 
merged. Protoconch consisting of about one whorl, 
sculptured by a fine and irregular granulation on initial 
part; diameter about 265 um. The protoconch-teleo- 
conch boundary is well marked by the beginning of the 
spiral sculpture. Teleoconch with well convex whorls, 
separate by deep suture, sculptured at the beginning of 
the last whorl with 18-20 spiral cords, initially consisting 
of granules arranged in lines, becoming finer after 
about half a whorl. The spiral cords are large about one- 
fifth of the interspaces, less spaced on the adapical por- 
tion of the whorl. They became weaker, disappearing 
about half whorl from the aperture. On the first quarter 
of whorl, there are barely visible axial growth lines, 
more conspicuous at the end on the penultimate whorl. 
The spiral cords are present also on the adapical portion 
of the base, while towards the umbilicus the spiral 
sculpture is composed of about 8 spiral grooves, fol- 


Fig. 1. Distribution of Dikoleps micalii n. sp. 


Fig. 1. Distribuzione di Dikoleps micalii n. sp. 


Fig. 2. A-E Dikoleps micalii n. sp. A-D. Ho- 
lotype (MNHN-IM-2000-35222), H = 0.50 
mm, W = 0.50 mm, Achata bay (Karpathos, 
Greece), 33 m; frontal view (A), top view 
(B), sculpture detail (C), protoconch detail 
(D). E. Paratype 5, H = 0.6 mm, W = 0.4 
mm, Amoopi bay (Karpathos, Greece), 38 
m, (specimen figured by Micali et al., 2017, 
Fig. 1F). 


Fig. 2. A-E Dikoleps micalii n. sp. A-D. 
Olotipo (MNHN-IM-2000-35222), H = 0,50 
mm, W = 0,50 mm, Achata bay (Karpathos, 
Greece), 33 m; vista frontale (A), vista api- 
cale (B), dettaglio della scultura (C), dettag- 
lio della protoconca (D). E. Paratipo 5, H = 
0,6 mm, W = 0,4 mm, Amoopi bay (Karpa- 
thos, Greece), 38 m, (esemplare figurato in 
Micali et al., 2017, Fig. 1F). 


lowed by an irregularly crispate area. Umbilicus nar- 
row and deep. Aperture rounded, orthocline, occupy- 
ing about 57% of total shell height, adapically slightly 
angulate. The external side of the columellar lip is axially 
corrugate. Operculum and soft parts unknown. 


Distribution 


At present the species is known only for the south-east- 
ern coasts of the Karpathos island and the eastern coast 
of Samos island (Eastern Aegean Sea), but as the two 
islands are quite distant each other, we suppose that the 
new species could be already spread and well estab- 
lished at least in Eastern Aegean Sea. 


Discussion 


The new species is placed in the genus Dikoleps al- 
though some characters, like the submerged nucleus 
and the depressed apex, suggest a relation with the 
genus Akritogyra Warén, 1992. The absence of the fine 


granulation on the initial portion of the protoconch 
(clearly mentioned in the original diagnosis) (Warén, 
1992) and the indication about the fact that the shells 
belonging to the genus Akritogyra are smooth convinced 
us to prefer the more similar genus Dikoleps. We cannot 
exclude that future studies will lead to placing this new 
species in a more appropriate genus. The new species is 
characterized by the spiral sculpture on the whole 
height of the initial 0.6-0.7 teleoconch whorls, therefore 
may be easily separated from Akritogyra conspicua (Mon- 
terosato, 1880) (Fig. 3. A, B) that is smooth. The species 
of genus Dikoleps Heisaeter, 1968 show a spiral sculp- 
ture limited to the base or umbilical area, except D. cut- 
leriana (Clark, 1849) and D. marianae Rubio, Dantart & 
Luque, 1998, having spiral sculpture on the whole sur- 
face (Fig. 3. C-E). 

Furthermore, we found no evidence that our specimens 
belong to a Red Sea or Indo-Pacific species introduced 
via the Suez Canal. The new species shows some simi- 
larity with Fossarina mariei (Fischer, 1890) figured by 
Zuschin et al. (2009, pl. 6, figs. 2-4), but clearly differs 
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Fig. 3. A-B Akritogyra conspicua (Monterosato, 1880), H = 1.30 mm, W = 0.53 mm, Tuscan Archipelago (North Tyrrhenian Sea), 300 m, frontal view 
(A), protoconch detail (B). C-E Dikoleps marianae Rubio, Dantart & Luque, 1998, H = 0.52 mm, W = 0.53 mm, Ustica Island (SouthTyrrhenian Sea), 
35 m, frontal view (C), protoconch detail (D), sculpture detail (E). 


Fig. 3. A-B Akritogyra conspicua (Monterosato, 1880), H = 1,30 mm, W = 0,53 mm, Arcipelago Toscano (mar Tirreno settentrionale), 300 m, vista 
frontale (A), dettaglio della protoconca (B). C-E Dikoleps marianae Rubio, Dantart & Luque, 1998, H = 0,52 mm, W = 0,53 mm, Ustica (mar Tirreno 
meridionale), 35 m, vista frontale (C), dettaglio della protoconca (D), dettaglio della scultura (E). 


for the smooth and submerged protoconch, much finer 
spiral sculpture and well developed umbilicus. Nothing 
similar is present in Blatterer (2019). Cyclostrema eupoie- 
tum Melvill, 1904 from deep waters of the Gulf of Oman 
is much more depressed and reaches an almost double 
size with respect to new species. 

Dikoleps marianae differs in its larger size, higher profile 
and non-embedded protoconch, having 2-3 spiral lines. 
The sculpture is described by Rubio et al. (1998) as 
“spiral flat cords so large or narrower than interspaces”, 
therefore well different from the very fine spiral cords 
of the new species. The surface has a sculpture consist- 
ing of about 40 spiral cords (18-20 in D. micalii) as wide 
as the interspaces, present on the whole teleoconch and 


the basal and umbilical-columellar area. With the same 
dimensions, D. marianae has 2.5 convex whorls while in 
D. micalii the convex whorls are 1.80. 

The Atlantic species D. cutleriana has a spiral sculpture 
of flat cords with narrow interspaces. 

Dikoleps templadoi Rubio, Dantart & Luque, 2004 differs 
in its more robust appearance, high protoconch and ab- 
sence of spiral cords in almost the entire first whorl. In 
D. templadoi as opposed to D. micalii, there are two large 
cords only in the umbilical area. 

Dikoleps umbilicostriata (Gaglini, 1987) has a low spire 
with three rapidly growing smooth whorls, the umbil- 
ical area is covered by numerous cords (8-10) which ex- 
tend only up to almost half of the base, while D. micalii 


is striped throughout on the whole height of the last 
whorl. 

Dikoleps rolani Rubio, Dantart £ Luque, 1998 differs for 
the not embedded nucleus and the teleoconch spiral 
sculpture consisting of numerous spiral grooves instead 
of raised lines. 
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Abstract 

The list of molluscs recovered at Fornace Poggetti (Serre di Rapolano, SI) is presented. The malacofauna is 
typical of the clays of the deep circalittoral and/or bathyal community. Two rare species of molluscs, Mi- 
crostelma italica Tabanelli, 1994 and Microdrillia serratula (Bellardi, 1877) are reported for the first time 
from the Pliocene of Siena. 
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Riassunto 

La malacofauna dell'ex fornace di laterizi Fornace Poggetti (Serre di Rapolano, SI). Viene presentato |’elen- 
co di molluschi recuperati in località Poggetti (Serre di Rapolano, SI). La malacofauna è quella tipica delle 
argille di profondità del piano circalitorale profondo e/o batiale. Due rare specie di molluschi, Microstelma 
italica Tabanelli, 1994 e Microdrillia serratula (Bellardi, 1877) vengono per la prima volta segnalate per il 


Pliocene senese. 


Parole chiave 


Gasteropodi, Microdrillia, Microstelma, Piacenziano, Senese, Italia 


Introduction 


This short note reports two rare species of gastropod 
mollusc, hitherto unknown from the Pliocene of Siena. 
The material was collected in the late 1980s in the quarry 
of the ex brick kiln located at Fornace Poggetti, near 
Serre di Rapolano (SI). The quarry is invaded by rain- 
water and the molluscs were collected around the 
water’s edge. The malacofauna is typical of clays, but 
may not represent the entire typical population of these 
environments due to the limited amount of material re- 
covered. The material collected is nevertheless typical 
of deep communities, which generally feature various 
preferential or exclusive species. 

Fornace Poggetti is located in the central sector of the 
Siena Basin, a major basin of the northern Apennines 
(Costantini et al., 1982; Martini & Sagri, 1993; Pascucci 
et al., 2007). The deposits in this area are traditionally 
attributed to a generic Zanclean or Piacentian age. 
Although there have been no stratigraphic studies on 
this site, the faunal remains suggest certain analogies 
with other areas around Siena investigated in recent 
years. In particular, a study of a section in the “I Sodi” 
area, a faunistically similar deposit, indicates that these 
clays were deposited in the MPl5a sub-zone and associ- 
ations with calcareous nannofossils indicate deposition 
between MNN16a and MNN16b/17. Both biostrati- 
graphic intervals indicate a Piacentian or early Gelasian 
age (Martini, 2016). 


The Poggetti malacofauna 


A total of 88 species of molluscs, comprising 71 gastro- 
pods, 13 bivalves and 4 scaphopods, were recovered. 
The dominant bivalve species are Jupiteria concava, Bathy- 
spinula excisa, Limopsis aurita and Limea strigilata. The 
most common gastropod species are Nassarius italicus, 
Pseudavena coclis, Microdrillia crispata, Alvania diadema, 
Eulima glabra, “Crassopleura” sigmoidea, Gemmula rotata 
and Gemmula contigua. 

With few exceptions (Euthria cornea, Aequipecten sp.), all 
species are related to clayey facies of deep environ- 
ments. In many cases, they are species with large bathy- 
metric distribution, ranging from infralittoral to circalit- 
toral (Bonellitia serrata, Cerodrillia sigmoidea, Hiatella har- 
tica) and bathyal (Turritella spirata, Stenodrillia allionii, 
Odistomia conoidea). 

However, most of the species have circalittoral-bathyal 
distribution (Alvania diadema, Aporrhais peralata, Sassia 
apenninica, Trophon squamulatus, Trophon vaginatus, Typhi- 
nellus fistulosus, Nassarius cabrierensis, Nassarius turbinel- 
lus, Admete dregeri, Vexillum cupressinum, Gemmula rota- 
ta, Microdrillia crispata, Pseudomalaxis aldrovandi, Limo- 
psis aurita, Korobkovia oblonga, Limea strigilata, Neopycno- 
donte navicularis), although some are linked exclusively 
to bathyal bottoms (Jupiteria concava, Bathyspinula excisa, 
Pseudomalletia caterinii, Benthomangelia spinifera, Gadilina 
triquetra, Cadulus ovulus). It can therefore be assumed to 
be a population of the deep circalittoral or more likely 
bathyal community and that the two species Microstel- 


ma italica and Microdrillia serratula are characteristic of 
these environments. 

The population of the Poggetti quarry of Serre di Rapo- 
lano can be likened to the circalittoral/bathyal palaeo- 
community with Korobkovia oblonga - Jupiteria concava 
described from the Piacentian of Campore (Salsomag- 
giore) (Ceregato, Raffi 6 Scarponi, 2007). 

Interestingly, in the Siena area and Emilia, the gastro- 
pod Onustus plioitalicum is widespread together with 
Korobkovia oblonga (Philippi, 1844) and Aporrhais peralata 
(Sacco, 1893) in many outcrops consisting mainly of 
clayey sediments of deep facies dating to the Piacen- 
tian. 


Systematics 


Family Rissoidae Gray J.E., 1847 
Genus Microstelma Adams A., 1863 


Microstelma italica Tabanelli, 1994 
Fig. 1 


Microstelma italica Tabanelli, 1994: 275-280, figs. 1, 2a, b, c. 


Material examined 


2 specimens. 


Description 


Medium-sized shells, with conical and scalariform 
spire. Eroded, multispiral protoconch withs more than 
three whorls. Teleoconch composed of five smooth 
rounded whorls with linear suture and almost horizon- 
tal shoulder. The last whorl, quite wide, occupies al- 
most 2/3 of the shell height. The axial ornamentation 
consists of opistocline folds, rounded, more evident at 
the shoulder, separated by large spaces. The largest 
specimen has 14 folds in the last whorl, the last reduced 
to simple tubercles. The opening is oval, the outer lip 
incomplete, the columella slightly arched, the umbilicus 
narrow, not deep. 


Fig. 1. Map of the Serre di Rapolano area. A = Serre di Rapolano; B = 
Travertine quarries; C = Poggetti quarry. 


Fig. 1. Mappa dell'area di Serre di Rapolano. A = Serre di Rapolano; B = 
Cave di travertino; C = Cava Poggetti. 


Dimension 


The figured specimen is 7.5 mm high and the other 6.2 
mm. 


Remarks 


The two specimens from the Pliocene of Siena perfectly 
match those of the Emilian Pliocene described by Ta- 
banelli (1994). Another species, Microstelma lapernai 
Landau, Marquet & Grigis, 2004, described from the 
Pliocene of Estepona, differs from that of the Italian Plio- 
cene in protoconch characteristics and a greater number 
of costae (Landau, Marquet & Grigis, 2004). 


Stratigraphic distribution 


Hitherto known only from the lower Pliocene of Monte 
Cerreto, near Castrocaro (Tabanelli, 1994) and the Pia- 
centian of Rio Merli (Della Bella & Tabanelli, 2007). 


Family Borsoniidae A. Bellardi, 1875 
Genus Microdrillia Casey, 1903 


Microdrillia serratula Bellardi, 1877 
| Fig. 2 


Drillia serratula Bellardi, 1877: 57, tav. 4, fig. 22a, b. 

Microdrillia serratula - Della Bella & Tabanelli, 1986, fig. 4. 

Microdrillia serratula - Vera-Palaez, 2002: 194-195 tav. 2 fig. N, 
O, tav. 11, figs. Ñ O. | 


Material examined 


One specimen. 


Description 


Conical shell, turreted with a high spire and apical 
angle of about 30°. Eroded protoconch consisting of 
about three whorls. The teleoconch consists of about six 
whorls with an adapical cord and a fully denticulate 
median keel. There are numerous concave growth lines 
between the cord and the keel. 

Below the keel, there is a cord equal to the subsutural 
one, another five or six on the last whorl and numerous 
other smaller ones on the siphonal canal. Between the 
subsutural cord and the keel, the shell profile is concave 
with numerous growth lines that continue in the spaces 
between the cords below the keel. 

The opening is narrow and elongated. The incomplete 
outer lip has a U-shaped sinus between the subsutural 
cord and the keel. Umbilicus narrow, siphonal canal 
very reduced. | 


Dimensions 


The figured specimen is 9.8 mm high. 
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tionately shorter whorl. Della Bella & Scarponi (2007) 
recently illustrated some species of Microdrillia, one of 
which, Microdrillia sp. seems to match this species. 


Gastropoda 

Diodora graeca (Linnaeus, 1758) 

Alvania diadema Doderlein in De Stefani, 1874 
Microstelma italica (Tabanelli, 1994) 

Turritella spirata (Brocchi, 1814) 

Turritella tricarinata (Brocchi, 1814) 


Aporrhais peralata (Sacco, 1893) 


Fig. 2. Microstelma italica Tabanelli, 1864. 
Piacentian of Cava Poggetti. B. Microdrillia 
serratula (Bellardi, 1877). Piacentian of Cava 
Poggetti. (Scale bar =5 mm). 


Fig. 2. A. Microstelma italica Tabanelli, 
1864. Piacenziano di Cava Poggetti. B. Mi- 
crodrillia serratula (Bellardi, 1877). Piacen- 
ziano di Cava Poggetti. (Scala =5 mm). 


Stratigraphic distribution 


M. serratula has been reported from the Miocene of Col- 
li Torinesi, Termofourà, Rio della Battery, Baldissero 
(Bellardi, 1877), the lower Pliocene of Rio dè Ronchi 
(Della Bella & Tabanelli 1986, 1987) and Estepona (Ve- 
ra-Palaez, 2002). 


| 


Eccliseogyra tenuistriata (Bronn, 1831) 


Epitonium muricatus (Risso, 1813) 


| 


Epitonium mesogonium (Brugnone, 1876) 
Amaea coppii (De Boury, 1890) 
Epitonium sp. 


Opaliopsis sp. 


Cerithiopsis sp. 
Euspira helicina (Brocchi, 1814) 
Cochlis sp. 


Onustus plioextensus (Sacco, 1896) 
Megalomphalus sp. 
Sassia apenninica (Sassi, 1827) 


Ce Trophon squamulatus (Brocchi, 1814) 


n 
Va 


Trophon vaginatus (De Cristofori e Jan, 1832) 
Typhis horridus (Brocchi, 1814) 
Typhis fistulosus (Brocchi, 1814) 
is (Brocchi, 1814) 
Cancilla (Ziba) cf. bronni (Michelotti, 1847) 
Vexillum cupressinum (Brocchi, 1814) 
, 1766) 
italicus (Mayer, 1876) 
Nassarius turbinellus (Brocchi, 1882) 
inn (Bellardi, 1882) 
(Bellardi, 1882) i 
is (Brocchi, 1814) 
(Brocchi, 1814) 
is (Cantraine, 1835) 
i (Bellardi, 1841) 
(Bronn, 1831) 
Cancellicula dregeri (Hórnes & Auinger, 1890) 
11 (Cossmann, 1901) 


> 
S 
Gry 
A 
= 
= 
= 
3 
are 
> 
= 
2D 
= 
= 
WD 


< 
n 
WN 
iS) 
= 
= 
= 
WN 
= 
ch 
pa] 
= 
~~ 
ES 
= 
WD 


try 
= 
Ea 
SN 
a 
SE 
(E) 
S 
a 
= 
a 
ZEN 
5 
D 
O 
E 
WN 
Ha 
NI 
ON 
ON 


S 
n 
WN 
SI 
È, 
= 
(Ca) 
(2) 
Pr 
È 
= 
= 
SÌ 
a 
= 
(Co) 


a] 
(Va) 
ND 
SI 
= 
mm. 
= 
DN 
ND 
NX 
=a 
ES 
= 
i 
SÌ 


Ri 
—|S [9 
ul lea 
N oat ee 
3 © 
(Gay Pr || 
ee 
al E 
Seis 
w = 
S i 
= 3 
= S 
wm 3 

n 


Uy 
©) 
= 
ISS) 
al 
= 
Si 
2 
Sy 
©) 
> 
(SS) 
= 
~ 


DI 
©) 
> 
ISS) 
= 
mi. 
=. 
| 
mn 
ISS) 
a 
= 
XA 
th 
SÌ 


Bie 
wn 
ISS) 
= 
A, 
[© 
i 
SÌ 
Ig 
3 
= 
w 
y 
ISS 
W 
=. 
= 


Fusinus sp. 
ides (Grateloup, 1827) 
Conus antidiluvianus Bruguiere, 1792 


Conus sp. juv. 
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Eleocyma sigmoidea (Bronn, 1831) 
Turriclavus harpula (Brocchi, 1814) 

ji (De Stefani, 1875) 
Stenodrillia obtusangula (Brocchi, 1814) 
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Stenodrillia allioni (Bellardi in Seguenza, 1875) 
Gemmula contigua (Brocchi, 1814) 
Gemmula rotata (Brocchi, 1814) 


Gemmula dertocarinulata (Sacco, 1893) 
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Microdrillia serratula (Bellardi, 1877) 
ioniana (D'Ancona, 1871) 
Surculites calliope (Brocchi, 1814) 
Comitas dimidiata (Brocchi, 1814) 
Genota brevis (Bellardi, 1847) 
(De Cristofori & Jan, 1832) 
Benthomangelia spinifera (Bellardi, 1847) 
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Benthomangelia catherinii Seguenza 1975 
Teretia cf. monterosatoi (Cipolla, 1914) 
Favriella weberi (Hornung, 1920) 

Bela hispidula (Bellardi, 1847) 
Rimosodaphnella textilis (Brocchi, 1814) 
Pseudomalaxis adrovandii (Foresti, 1868) 
Pseudotorinia architae (O. G. Costa, 1841) 
Odostomia conoidea (Brocchi, 1814) 
Eulimella scillae Scacchi, 1835 

Turbonilla cf. rufa (Philippi, 1836) 


Turbonilla cf. lactea (Linnaeus, 1758) 
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Ringicula ventricosa (Sowerby, 1825) 


Bivalvia 


Limea strigilata (Brocchi, 1814) 


Neocpycnodonte navicularis (Brocchi, 1814) 


Dentalium cf. rectum (Gmelin, 1791) 


Fustiaria triquetra (Brocchi, 1814) 
Cadulus ovulus (Philippi, 1844) 


Cadulus ventricosus (Bronn, 1827) 


Tab. 1 - List of molluscs of Cava Poggetti (u = single, r = rare, f = frequent, c = common, a = abundant). 


Tab. 1 - Elenco dei molluschi di Cava Poggetti (u = unico, r = raro, f = frequente; c = comune; a = abbondante). 


References 


BELLARDI L., 1877. I molluschi dei terreni terziarii del Piemonte e 
della Liguria. Parte II. Gasteropoda (Pleurotomidae). Stamperia 
Reale, Torino. 364 pp., 9 pls. 

CEREGATO A., RAFFI S. & SCARPONI D., 2007. The circalittoral/ 
bathyal paleocommunities in the Middle Pliocene of North- 
ern Italy: The case of the Korobkovia oblonga-Jupiteria concava 
paleocommunity type. Geobios, 40: 555-572. 

COSTANTINI A., LAZZAROTTO A. & SANDRELLI F., 1982 - Cono- 
scenze Geologico Strutturali. In: Il Graben di Siena. CNR- 
PFE-RE 9: 11-33. 

DELLA BELLA G. & SCARPONI D., 2007. Molluschi marini del 
Plio-Pleistocene dell'Emilia-Romagna e della Toscana. Superfam- 
iglia Conoidea. vol. 2. Conidae I. (Sottofamiglie Clathurellinae, 
Conorbinae & Taraninae). Industrie Grafiche, Bologna. 94 pp. 

DELLA BELLA G. € TABANELLI C., 2007. Ritrovamento di Mi- 
crostelma italica Tabanelli, 1994 nel Pliocene di Romagna 
(Mollusca Gastropoda Rissoidae). Quaderno di Studi e Noti- 
zie di Storia Naturale della Romagna, 25: 1-6. 

LANDAU B., R. MARQUET & M. Gricis, 2004. The early Plio- 
cene Gastropoda (Mollusca) of Estepona southern Spain. 
Part 2: Orthogastropoda, Neotaenioglossa. Palaeontos, 4: 
1-85. 

MANGANELLI G. & SPADINI V., 2010. Onustus plioextensus (Sac- 
co 1896) (Gastropoda: Caenogastropoda): a Mediterranean 
Pliocene xenophorid with western Atlantic relationships? 
Journal of Conchology, 40 (3): 333-338. 


MANGANELLI G., SPADINI V. & CIANFANELLI S., 2003. The 
xenophorid gastropods of the Mediterranean: the record of 
the Siena Basin. Bollettino della Società Paleontologica Italiana, 
43 (3): 409-451, 8 pls. 

MARTINI I.P. & SAGRI M., 1993. Tectono-sedimentary character- 
istics of Late Miocene-Quaternary extensional basins of the 
Northern Apennines, Italy. Earth-Science Reviews, 34: 197-233. 

MARTINI I., Forest L.M., BAMBINI A.M, RIFORGIATO R., AM- 
BROSETTI E. & SANDRELLI E, 2016. Calcareous plankton 
bio-chronostratigraphy and sedimentology of the “I Sodi” 
section (Siena Basin, Italy): a key section for the uppermost 
Neogene marine deposition in the inner northern Apen- 
nines. Italian Journal of Geoscience, 135 (3): 540-547. 

PASCUCCI V., MARTINI I.P., SAGRI M. & SANDRELLI F., 2007. Ef- 
fects of the transverse structural lineaments on Neo- 
gene-Quaternary basin of Tuscany (inner Northern Apen- 
nines, Italy). In: Nichols G., Paola C. & Williams E.A. (eds.), 
Sedimentary processes, environments and basins. A tribute 
to Peter Friend. IAS, Special Publication, 37: 155-183. 

TABANELLI C., 1994. II contributo alla conoscenza della mala- 
cofauna batiale del Pliocene di Romagna: segnalazione del 
genere Microstelma Adams A., 1863 (Gastropoda, Rissoidae). 
Bollettino Malacologico, Milano; 29 (9-12) (1993): 275-280. 

VERA-PALAEZ J.L., 2002. Revisión de la familia Turridae, excep- 
to Clavatulinae (Gastropoda, Porsobranchia) en el Plioceno 
de la cuencas de Estepona, Málaga y Vélez Málaga (Málaga 
S. España) con la description de 26 especes nuevas. Plioceni- 
ca, 2: 176-262. 


Lavoro ricevuto il 13 gennaio 2020 
Lavoro accettato il 31 marzo 2020 


Boll. Malacol., 56: 101-106 (1, 31/05/2020) 


A new species of Seguenzia Jeffreys (Mollusca: 
Vetigastropoda) from the Miocene (Tortonian) of northern 


Italy 


*Via Bengasi 4, 16153 
Genova, Italy, 
sosmauri@gmail.com 


#Via Manzotti 35, 42015 
Correggio (Reggio Emilia), 
Italy, bdimit@tin.it 


°Via Briscata 16, 16154, 
Genova, Italy, 


bruno.dellangelo@chitons.it, 


(XK) corresponding author 


Maurizio Sosso*, Luca Bertolaso* & Bruno Dell'Angelo” (DX) 


Abstract 

In the Mediterranean Neogene the genus Seguenzia Jeffreys, 1876 has been represented so far by the 
single species Seguenzia monocingulata Seguenza, 1876 from the Pliocene-Pleistocene of southern Italy 
and Baleares. Here, we describe a new species from the Miocene (Tortonian) of Rio di Bocca d’Asino and 
Borelli (Piedmont, Italy), and compare it with S. monocingulata. 


Key words 
Seguenziidae, Seguenzia statiana n. sp., Upper Miocene, Italy, Piedmont. 


Riassunto 

[Una nuova specie di Seguenzia Jeffreys (Mollusca: Vetigastropoda) dal Miocene (Tortoniano) del nord 
Italia]. Il genere Seguenzia Jeffreys, 1876 è rappresentato nel Neogene Mediterraneo dall'unica specie 
Seguenzia monocingulata Seguenza, 1876 dal Pliocene-Pleistocene dell'Italia meridionale e dalle Baleari. 
Viene descritta una nuova specie dal Miocene (Tortoniano) di Rio di Bocca d'Asino e Borelli (Piemonte, 


Italia), confrontata anche con S. monocingulata. 


Parole chiave 


Seguenziidae, Seguenzia statiana n. sp., Miocene Superiore, Italia, Piemonte. 


Introduction 


Seguenziids are small trochiform-like gastropods that 
occur worldwide, and attain maximum diversity at 
bathyal to abyssal depths. On account of the peculiar 
combination of shell and radula morphology, the family 
Seguenziidae has often been placed among the mesoga- 
stropods or the Trochidae. Many recent studies of the 
seguenziids (Marshall, 1983, 1988, 1991; Quinn, 1983, 
1987, 1991; Bandel, 2009, 2010; Geiger, 2017, 2019) have 
greatly improved the knowledge of these species, poor- 
ly known previously. The independent status of Seguen- 
ziidae and its place among the Vetigastropoda as pro- 
posed by Quinn (1983), was confirmed by Sasaki (1998) 
and supported by molecular analysis of Seguenzia and 
several other genera by Kano (2008). The more recent 
view of the superfamily Seguenzioidea, better interpret- 
ed in a more restricted way than suggested by Bouchet 
et al. (2005) and Kano et al. (2009), attributes only two 
families, Seguenziidae Verrill, 1884 (with the genus Se- 
quenzia Jeffreys, 1876) and Ancistrobasidae Bandel, 2010 
(with the genus Ancistrobasis Dall, 1889) (Bandel, 2010). 

The family Seguenziidae may have origin in the Palaeo- 
zoic or Mesozoic age, but it is difficult to determine; in 
fact the most important character is the labral margin 
which have many independent origins in primitive ma- 
rine gastropods and possibly they are absent in the an- 
cestral Seguenziidae (Hickman, 1998). 

The fossil record of unequivocal seguenziid gastropods 
dates back to the Middle Paleocene of Greenland (Koll- 
mann & Peel, 1983; Salvador et al., 2014), and an inde- 


scribed species is present in the Australian Eocene 
(Hickman, 1998). 

The genus Seguenzia is known from the upper Oligo- 
cene of St. Etienne-d'Orthe, France (Lozouet, 1999 with 
Seguenzia propheta), the Miocene of New Zealand (Mar- 
shall, 1983, Beu & Maxwell, 1990), the Pliocene of Aus- 
tralia with two species (Hickman, 1998) and the 
Plio-Pleistocene of Philippines (Helwerda et al., 2014). 
In the Mediterranean area the family is known in the 
Plio-Pleistocene of southern Italy and Baleares with the 
species S. monocingulata Seguenza, 1876; this species is 
not living in the Recent, the report for the North east 
Atlantic regions must be imputated to misidentification 
(WoRMS, 2018). 

We found few specimens of Seguenzia from the Miocene 
(Tortonian) of northern Italy, and had the possibility to 
match them with specimens of S. monocingulata from 
the Pleistocene of Sicily and with a specimen from the 
Seguenza collection preserved and figured at the Geo- 
logical and Paleontological Museum of the Florence 
University, Italy (Bertolaso & Palazzi, 2000: p. 28, fig. 
51). The Tortonian specimens proved to differ from the 
known fossil species, and are here described as new. 


Materials and Methods 


Large amounts of bulk sediment were collected by the 
authors (Maurizio Sosso, Luca Bertolaso) in two Pied- 
mont localities, well known in literature, Rio di Bocca 
d'Asino and Borelli, and this material is the basis of the 
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present work. Additional specimens were provided by 
Piero Giuntelli (Università di Torino). The bulk samples 
were washed in sieves (diameter 0.5, 1.0, 2.0 mm), and 
the material retained in the 0.5 mm and 1.0 mm frac- 
tions was then examined using a stereomicroscope. Tax- 
onomic features of the recovered specimens of Seguen- 
ziidae were studied and detected using a Cambridge 
model S-360 SEM at the Dipartimento di Scienze della 
Terra dell’Università di Torino. 
Rio di Bocca d'Asino, 44°53’21” N, 08°53’14” E, is a clas- 
sical locality placed at 2500 metres NW from Stazzano 
(Alessandria), already known for his rich mollusc fauna 
(Bellardi & Sacco, 1873-1904; Bongo, 1914; Caprotti, 
2011), and attributed to the lower part of the Marne di 
S. Agata Fossili of Tortonian age (Boni & Casnedi, 1970; 
Ghibaudo et al., 1985). 
The Borelli outcroup, 45%03'52.8” N, 7%56'27.4” E, is 
placed in the Rio Bardella stream near the San Bernardi- 
no hamlet (Moncucco Torinese, Asti); the mollusc as- 
semblage, already studied from Bellardi & Sacco (1873- 
1904), was partially revised by Pavia & Robba (1979), 
Pavia (1991), Davoli (1995), Dell’Angelo et al. (1999), 
Davoli (2003), Dell'Angelo et al. (2015), Dell'Angelo et 
al. (2016). The age of Borelli deposit is actually referred 
to the tortonian age (Janssen, 1999; Dell'Angelo et al., 
2015) and to the Marne di S. Agata Fossil succession 
which are interpreted as torbiditic deposits sedimented 
in a bathyal environment (Pavia & Robba, 1979). 
Furthermore, a specimen of Seguenzia monocingulata 
Seguenza, 1876 from Punta Lazzi (Capo Milazzo, Messi- 
na) was considered, as a comparison material. The Neo- 
gene sedimentary sequence at Capo Milazzo (Messina, 
NE Sicily) is well known (Ruggieri & Greco, 1965; Fois, 
1990a, 1990b). The specimen used for comparison (Figs 
1. D-E 2. E, F) was found in bathyal deposits of lower 
Pleistocene age outcropping at Punta Lazzi, which can 
be attributed to a bathyal biocoenoses (Palazzi & Villari, 
1996, Borghi et al., 2014). 
The following abbreviations are used: 
MGPT Museo di Geologia e Paleontologia, Università 
di Torino, Italy. 
MSNG Museo Civico di Storia Naturale “Giacomo Do- 
ria”, Genova, Italy. 
MZB Museo di Zoologia dell'Università di Bologna, 
Italy. 


Systematics 


Subclass Archaeogastropoda 
Order Vetigastropoda Salvini-Plawen, 1980 
Superfamily Seguenzioidea Verrill, 1884 


Family Seguenziidae Verrill, 1884 
Genus Seguenzia Jeffreys, 1876 


Type species 


Seguenzia formosa Jeffreys, 1876 by monotypy (Recent; 
Atlantic Ocean). 


Remarks 


Seguenzia was proposed in the same year 1876 by J.G. 
Jeffreys and G. Seguenza. The work of Jeffreys (15 June 
1876) was published almost simultaneously to Seguen- 
za’s one (May-June 1876), and Marshall (1983) has es- 
tablished the priority of Seguenzia Jeffreys on the basis 
of ICZN rules. 

Actually, WoRMS considers 70 living species of Seguen- 
zia, all in deep water, three of which are recorded from 
European Atlantic by CLEMAM: Seguenzia elegans Jef- 
freys, 1885, S. ionica Watson, 1878, and S. formosa Jef- 
freys, 1876. 

The family has a scarce but worldwide fossil record; the 
oldest known seguenziids stem from the Middle Paleo- 
cene of Greenland (Kollmann & Peel 1983). 

The genus Seguenzia is known from the Oligocene of 
France (Lozouet, 1999), Miocene of New Zealand (Mar- 
shall, 1983) and Plio-Pleistocene of Australia (Marshall, 
1983), Philippines (Helwerda et al., 2014) and southern 
Italy and Baleares (Seguenza G., 1873/1877; Pons-Moya 
J. & Pons G.X., 2000). Actually, the genus has world- 
wide distribution in deep water (Lozouet, 1999). 


Seguenzia statiana n. sp. 
(Figs 1. A-C, 2. A-D) 
Type material 


Holotype: MGPT-PU 135419, shell from Rio di Bocca 
d’Asino, height 3.06 mm (Figs 1A-C, 2A-B). Paratype 1: 
MZB 50567, shell from Rio di Bocca d’Asino, height 2.4 
mm. Paratype 2: MSNG 61491, shell from Borelli, height 
2.5 mm (Fig. 2C-D). 

Type locality 


Rio di Bocca d’Asino (Alessandria), Piedmont, Italy. 


Type stage 


Miocene (Tortonian), Marne di S. Agata Fossili Fm. 


Fig. 1. Seguenzia spp. from the Miocene and Pleistocene of Italy. A-C. Seguenzia statiana n. sp., Rio di Bocca d'Asino (Alessandria), Miocene (Torto- 
nian), Holotype MGPT-PU 135419, height 3.06 mm, apertural view (A), protoconch (B) and first whorls of teleoconch (C) details. D-F. Seguenzia 
monocingulata Seguenza, 1876, Capo Milazzo (Messina), Punta Lazzi, lower Pleistocene, height 3.9 mm, apertural view (D), protoconch (E) and first 


whorls of teleoconch (F) details. Scale bars: 300 um (B, E, F); 200 um (C). 


Fig. 1. Seguenzia spp. Miocene e Pleistocene italiano. A-C. Seguenzia statiana n. sp., Rio di Bocca d'Asino (Alessandria), Miocene (Tortoniano), Oloti- 
po MGPT-PU 135419, altezza 3,06 mm, vista dell'apertura (A), protoconca (B) e primo giro di teleoconca (C) dettagli. D-F. Seguenzia monocingulata 
Seguenza, 1876, Capo Milazzo (Messina), Punta Lazzi, Pleistocene inferiore, altezza 3,9 mm, vista dell'apertura (D), protoconca (E) e primo giro di 


teleoconca (F) dettagli. Unità di misura: 300 um (B, E, F); 200 um (C). 
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Fig. 2. Seguenzia spp. from the Miocene and Pleistocene of Italy. A, B. Seguenzia statiana n. sp., Rio di Bocca d'Asino (Alessandria), Miocene (Torto- 
nian), Holotype MGPT-PU 135419, height 3.06 mm, apertural (A) and umbilical (B) views. C, D. Seguenzia statiana n. sp., Borelli (Asti), Miocene 
(Tortonian), Paratype 2, MSNG 61491, height 2.5 mm, apertural (C) and umbilical (D) views. E, F. Seguenzia monocingulata Seguenza, 1876, Capo 
Milazzo (Messina), Punta Lazzi, lower Pleistocene, height 4.3 mm, apertural (E) and umbilical (F) views. Scale bar: 1 mm. 


Fig. 2. Seguenzia spp. Miocene e Pleistocene italiano. A, B. Seguenzia statiana n. sp., Rio di Bocca d'Asino (Alessandria), Miocene (Tortonian), Oloti- 
po MGPT-PU 135419, altezza 3,06 mm, vista dell'apertura (A) e ombelicale (B). C, D. Seguenzia statiana n. sp., Borelli (Asti), Miocene (Tortonian), 
Paratipo 2, MSNG 61491, altezza 2,5 mm, vista dell'apertura (C) e ombelicale (D). E, F. Seguenzia monocingulata Seguenza, 1876, Capo Milazzo 
(Messina), Punta Lazzi, Pleistocene inferiore, altezza 4,3 mm, vista dell'apertura (E) e ombelicale (F). Unità di misura: 1 mm. 


Etymology 


From the Latin «gens Statia», the people living in an- 
cient times in Stazzano (near Rio di Bocca d'Asino), and 
probably giving the name to this locality. 


Description of holotype 


Shell small and conical, height 3.06 mm, width 2.21 
mm. Protoconch clearly demarcated of one convex 
whorl 250 um wide, with erosion and fine residual 
granulation near the suture, nucleus of 145 um. Apical 
angle 65°. Teleoconch of 5.30 regular expanding whorls, 
sutural ramp clearly concave; sides concave, more or 
less parallel; base gently contracted and convex. Primary 
sculpture consisting of spiral keels, two on spire and 
three on base; keels subtriangular in section, with 


smooth and sharp summits. Adapical spiral is near the 
suture in the first whorls, more medial in the following 
ones; the abapical spiral begin in the first teleoconch 
whorl and became more manifest in the following ones. 
Axial riblets fine, prosocyrt in the ramp and in the side, 
but not present in the summit of spiral keel, strong in 
the first whorls, evanescing in the following ones, the 
axial riblets are about 30 on whorl. Basal spirals rather 
similar, extending to umbilical rim, interspaces broader 
than each spiral. Secondary sculpture consisting of fine 
collabral riblets. Umbilicus narrow, either fully invaded 
by inner lip, or partially invaded to form an elliptical 
chink. Aperture subrhomboidal. Outer lip thin, poster- 
ior notch deep, apical rim flared, basal notch U-shaped, 
peripheral notch angulate, well retracted. Inner lip con- 
cave, sharply flexed at base to form prominent tooth, 
broadly channelled below. 


Remarks 


Seguenzia statiana n. sp. is similar to S. monocingulata 
Seguenza, 1876, from which differs by his variable 
shape, the nucleus and protoconch diameter less than 
145 um and 250 um vs. 180 um and 285 um, the greater 
apical angle (70°), the adapical portion of the first whorl 
almost flat and horizontal, the abapical portion less con- 
cave and the lower number of axial riblets in the rope 
interspaces of whorls of teleoconch and in the basis. 
Seguenzia monocingulata is a well known species reported 
from the Pliocene “Zanclean” (Seguenza, 1876) and 
rather common in deep-sea deposits from the Pleisto- 
cene of southern Italy (Palazzi & Villari, 1994, 1996; Di 
Geronimo & La Perna, 1997; Di Geronimo et al., 2005) 
and Baleares (Pons-Moyà & Pons, 2000). It is also re- 
ported from the Atlantic by CLEMAM and by old authors 
(e.g. Watson, 1886; Dall, 1889; Dautzenberg, 1927, but 
the old records should be verified with the comparison 
of the type-materials), and recently from Atlantic [Ma- 
deira (Segers et al., 2009)] and Pacific [SE Sakhalin and 
S Kurile Ids. (Sirenko et al., 2013)]. The two specimens 
used for comparison (Figs 1D-E 2E-F) were found in 
bathyal deposits of early Pleistocene age outcropping at 
Punta Lazzi (Capo Milazzo, Messina). Seguenza (1876), 
as usual, described some “varieties”, namely elegans 
(with well-defined axial striae) and elata (higher than 
the typical form). 


Distribution 


Late Miocene: Proto-Mediterranean Sea (Tortonian): Po 
Basin, northern Italy: Rio di Bocca d’Asino, Borelli (this 


paper). 
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Abstract 

We report a new finding of Tectura rubroradiata Chirli & Forli, 2017 (Gastropoda: Lottiidae) in the Tuscan 
lower Pleistocene (Calabrian Stage). After the original material, other specimens were collected in the type 
locality (Montalto Quarry, Fauglia, Pisa) and in another outcrop, with coeval fossiliferous deposits, located 
in Riparbella (Pisa). Because the type material was in bad preservation state, we illustrate one of the new 
specimens, which is in better condition. 


Key words 
Lottiidae, Tectura rubroradiata, lower Pleistocene, Tuscany. 


Riassunto 

Si segnala il ritrovamento di nuovi esemplari di Tectura rubroradiata Chirli & Forli, 2017 (Gastropoda: Lot- 
tiidae) per il Pleistocene inferiore toscano. Il nuovo materiale proviene ancora dalla località tipo nei pressi 
di Fauglia (PI), cava di Montalto, e dalla coeva esposizione sedimentaria nei pressi di Riparbella (PI). Per la 
sua forma ovale allungata, appiattita e la posizione dell'apice in prossimità del margine posteriore, la spe- 
cie è facilmente riconoscibile. Poiché il materiale originario era in cattivo stato di conservazione, viene il- 


lustrato uno degli esemplari trovati recentemente, in migliori condizioni di conservazione. 


Parole chiave 


Lottiidae, Tectura rubroradiata, Pleistocene inferiore, Toscana. 


Introduction 


Some year ago (2017) Chirli & Forli established the new 
species Tectura rubroradiata, on specimens from Montal- 
to Quarry, located near Fauglia (Pisa) (Brunetti & Vec- 
chi, 2006) (Brunetti et al., 2008). The original material 
was scarce and partially broken, only five specimens 
collected in Montalto Quarry, and only one from Ripar- 
bella (PI). Unlike the quarry of Montalto, little known in 
literature and without a detailed stratigraphic section, 
Riparbella is a locality well known for its fossiliferous 
deposits dated to lower Pleistocene; the first reports for 
its fossils and its stratigraphic position, date back to the 
early years of the last century; between the various au- 
thors, who have studied the locality from various points 
of view, we can consider the following: Tavani (1954), 
Saggini (1959), Lazzarotto & Mazzanti (1978), Giannelli 
et al., (1981), Mazzanti (1984), Dell’Angelo & Forli 
(1994), Ragaini & Menesini (1997), Landini & Bianucci 
(2006), Sarti et al., (2007), Dominici et al., (2011). The 
new specimen collected in Riparbella comes from a lev- 
el, with fine clayey sands, which corresponds to the 
lower zone of stratigraphic section of Dominici et al., 
(2011) (Fig. 1); the new others from Montalto Quarry, 
were collected in the same level 3 how reported in Chir- 
li & Forli (2017), consists in gray clayey sands with 
abundant remains of Posidonia oceanica (L.) Delile, 1813 
(Fig. 2). 


Material and methods 


The samplings, from the two localities, were collected 
manually in the over recorded levels. The sediments, 
about 5 kg each, were washed and disaggregated with 
hydrogen peroxide and water. After dried, were sieved 
and the various fractions sorted out for the shells, un- 
der a stereo microscope (x20). We propose again the im- 
ages of the types, figured in a little-known work, and 
the best specimen from the news (Fig. 3. A-F). 
Abbreviations and acronyms: MSNP = Museo di Storia 
Naturale, Università di Pisa; CMC = Massimo Cresti 
collection; MFC = Maurizio Forli collection; L = hori- 
zontal maximum width in mm. 


Results 


Systematic 


Class Gastropoda Cuvier, 1795 
Subclass Patellogastropoda Lindberg, 1986 
Superfamily Lottioidea Gray, 1840 
Family Lottiidae Gray, 1840 
Subfamily Tecturinae Gray, 1847 
Genus Tectura Audouin & Milne Edwards, 
1830 
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Fig. 1. Schematic log of the Botra Creek Riparbella stratigraphic setion. In red, location of the study areas in Central Italy, in bleu the sampling point 


with Tectura rubroradiata Chirli & Forli, 2017 (Dominici et al., 


2011, modified). 


Fig. 1. Sezione stratigrafica schematica del torrente Le Botra nei pressi di Riparbella (PI). In rosso, la posizione nell'Italia centrale, delle aree studiate. 
In blù il punto di campionamento dal quale proviene l'esemplare di Tectura rubroradiata Chirli & Forli, 2017 (Dominici et al., 2011, modificato). 


Type species Patella parva Da Costa, 1778 


Tectura rubroradiata Chirli & Forli, 2017 
(Figs 3. A-F) 


Tectura rubroradiata Chirli & Forli, 2017: pp 16-17, pl. 2, 
figs a-c. 


Material and dimensions 


Fauglia (PI): Montalto Quarry, lower Pleistocene (Cal- 
abrian) (yellow sands and grey clays) - Lat 43° 33’ 47” 
N Long 10° 31’ 48” E 


Holotype, MSNP 117191, L=11; Paratype i, MSNP 
117192, L=8; Paratype 2, MSNP 117193, L=6; MFC, F161B 
1, L=2; MFC, F161B 2, L=2.2; CMC, 6 poorly to moder- 


ate preserved specimens, one well preserved, L=6; 
MFC, 4 poorly preserved specimens, L=4. 
Riparbella (PI): lower Pleistocene (Calabrian) 
33’ 47” N Long 10° 31’ 48” E 

MEC, one poorly preserved specimen, L=4. 


- Lat 43° 


Original description - Conchiglia patelliforme, fragile, al- 
lungata e appiattita, con apice situato presso il margine pos- 
teriore. Coste radiali piane e poco evidenti, separate da inter- 
valli ineguali. 

Strie d’accrescimento concentriche esili e con alcuni interval- 
li più profondi. Base con bordo tagliente. La superficie è rag- 
giata da tracce di colore bruno-rossiccio che dall'umbone gi- 
ungono al peristoma. 

Patelliform shell, fragile, elongated and flattened, with 
apex located near the posterior margin. Flat and scarce- 
ly evident radial costae, separated by unequal intervals. 


Fig. 2. Fauglia (PI), Montalto Quarry, lower Pleistocene (Calabrian) (yellow sands and grey clays) - Lat 43° 33’ 47” N Long 10° 31' 48” E. Highlighted, 
the sampling level, with abundant remains of Posidonia oceanica (L.) Delile, 1813, ex level 3 (Chirli & Forli, 2017) (photo, December 2016). 


Fig. 2. Fauglia (PI), cava di Montalto, Pleistocene inferiore (Calabriano) (sabbie gialle e argille limose grigie) - Lat 43° 33‘ 47” N Long 10° 31’ 48” E. 
Evidenziato con il tratteggio in rosso, il livello con abbondanti resti di Posidonia oceanica (L.) Delile, 1813, ex livello 3 (Chirli 8 Forli, 2017) dal quale 


provengono i nuovi campioni raccolti (foto, Dicembre 2016). 


Fine concentric growth streaks with some deeper inter- 
spaces. Base with sharp edge. The surface is radiated by 
straight traces of brown-reddish color, that reach the 
peristome from the umbo. 


Remarks 


Originally compared with the species Erginus rubellus 
(O. Fabricius, 1780), Tectura parvula, (Woodward, 1833), 
Scurria compressiuscula (Carsten, 1849), Tectura laevigata 
(Eichwald, 1853), Tectura taurinensis Sacco, 1897, Testudi- 
nalia testudinalis (O. F. Miiller, 1776) and the similar Tec- 
tura virginea (O. F. Miiller, 1776), it is distinguished from 
all, by its more elongated, flattened shape and by apex 
near the posterior margin. Tectura rubroradiata could be 
an extreme form of T. virginea but, finding various spec- 
imens in the same samplings, there are not with inter- 
mediate size and with the apex posteriorly very close to 
the margin. Its elongate shell is very similar to this of 
Tectura depicta (Hinds, 1842), present along the Califor- 
nia coasts, but the color pattern and the position of the 
apex are different. How results in Montalto Quarry, T. 
rubroradiata is clearly associated with Posidonia beds. 


Distribution 


Known only from Montalto Quarry (Fauglia, PI) and Ri- 
parbella (PI), lower Pleistocene (Calabrian) of Tuscany. 
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Fig 3. Tectura rubroradiata Chirli 8: Forli, 2017, Montalto, Fauglia (PI) lower Pleistocene: A, B, Paratype 1, MSNP 117192, L=8; C, D, Holotype, MSNP 
117191, L=11; E, F CMC, new specimen, L=6. 


Fig 3. Tectura rubroradiata Chirli & Forli, 2017, Montalto, Fauglia (PI) Pleistocene inferiore: A, B, Paratipo 1, MSNP 117192, L=8; C, D, Holotipo, MSNP 


117191, L=11; E, F CMC, nuovo esemplare, L=6. 
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explained in the captions or under Material and methods. Tables are kept as separate files, 
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CAPTIONS 


Captions are reported in a distinct section of the manuscript, grouped together in 
sequence. They must include: name and authority of the species, origin of the material, 
real size (not magnification!) and repository (with catalogue number if available). For 


manuscripts in language other than English, an English version of captions must be 
added. 
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elenco di parole chiave (non più di sei), nella stessa lingua del testo principale. 

Il testo principale del manoscritto va organizzato in parti distinte, tipicamente le seguenti: 
Introduzione, Materiale e metodi, Risultati, Discussione, Conclusioni, Ringraziamenti, Bibliografia, 
in minuscolo, grassetto. In lavori di tipo tassonomico, la parte relativa alla sistematica va 
intitolata Sistematica (in genere sostituisce Risultati). Titoli di secondo ordine, quali Descrizione, 
Materiale esaminato, Osservazioni, ecc. sono scritti in testo normale, minuscolo. Si evitino le 
note a pie' di pagina. Gli Autori sono tenuti ad adottare uno stile chiaro e conciso, evitando frasi 
eccessivamente lunghe. E vietato l'uso di termini offensivi o discriminatori. 

Tutte le abbreviazioni e gli acronimi usati nel testo devono essere spiegati, possibilmente 
in Materiale e metodi. Si usino le abbreviazioni formalizzate per le unità di misura (es.: 
“m”, non "mt." per metro) e gli acronimi ufficiali per le istituzioni. 

Solo i nomi di generi, sottogeneri, specie e sottospecie vanno scritti in corsivo, non quelli 
dei taxa di rango più elevato. Alla loro prima citazione, i nomi delle specie e quelli dei generi 
devono comprendere il nome dell'autore e l'anno di pubblicazione. E possibile abbreviare | 
nomi dei generi, facendo attenzione a che non si crei confusione con generi diversi citati 
nel testo con la stessa iniziale. 

Il corsivo va usato anche per riportare citazioni nella lingua originale (tra virgolette), se 
diversa da quella del manoscritto. 

| nuovi taxa devono essere citati per la prima volta quando vengono descritti, ad eccezione del 
riassunto. Il Latino può essere usato per indicare il livelli tassonomici (es.: Familia o Famiglia). 
Le diagnosi (facoltative) e le descrizioni vanno redatte in stile telegrafico, quando possibile. 
L'elenco dei sinonimi dovrebbe comprendere solo i riferimenti principali, utili a garantire 
l'identità della specie trattata (per es.: quelli relativi a materiale esaminato dall'Autore o 
riferimenti ben documentati in letteratura). 


Esempio di gerarchia sistematica e sinonimia: 
Family Cardiidae Lamarck, 1809 
Subfamily Cardiinae Lamarck, 1809 
Genus Acanthocardia Gray, 1853 


(type species Cardium aculeatum Linné, 1758) 


Cardium indicum Lamarck, 1819 
(Fig. 1. A-D, Fig. 2. C) 


Cardium hians Brocchi, 1814: p. 508, tav. 13, fig. 6 (non Spengler, 1799). 
Cardium indicum Lamarck, 1819: p. 4. 
Cardium (Cardium) indicum Lamarck - Fischer-Piette, 1977: p. 112, tav. 10, fig. 4 (tipo). 


CITAZIONI E RIFERIMENTI BIBLIOGRAFICI 


Tutte le pubblicazioni alle quali si fa riferimento nel testo, incluse le sinonimie (ma non gli 
autori di omonimi), devono comparire nell'elenco bibliografico finale, in ordine alfabetico. 
Titoli di riviste e di libri in alfabeti diversi da quello Latino vanno traslitterati, mentre i 


titoli vanno tradotti in Inglese, aggiungendo una nota che indichi la lingua originale, 
come per esempio “[in Russo]" 

È importante eseguire un attento controllo incrociato fra citazioni bibliografiche nel testo 
ed elenco bibliografico, prima di sottoporre il manoscritto. 


Esempi di citazioni: 
... riportato da Richardson & Smith (1965) 
. come noto in letteratura (Ross et al., 1993; Rosenberg, 1995, 1997; Michelini & 
Andriani, 2000) 
... l'illustrazione originale (Torwald, 1879: p. 56, tav. 2, fig. 5). 


Esempi di bibliografia: 

Salas C., 1996. Marine Bivalves from off the Southern Iberian Peninsula collected by the 
Balgim and Fauna 1 expeditions. Haliotis, 25: 33-100. 

Grit B. & ZuscHin M., 2001. Modern shallow- to deep-water bivalve death assemblages in 
the Red Sea - ecology and biogeography. Palaeogeography, Palaeoclimatology, 
Palaeoecology, 168: 75-96. 

Boss KJ., 1982. Mollusca, in Parker S.P. (ed.), Synopsis and Classification of Living 
Organisms. Vol. 1. McGrow-Hill, New York: 945-1166. 

Carter J.G., Camppett D.C. & CampgeL M.R. 2000. Cladistic perspectives on early bivalve 
evolution, in Harper E.M., Taylor J.D. & Crame J.A. (eds), The Evolutionary Biology of the 
Bivalvia. Geological Society, London, Special Publications, 177: 47-95. 

Vokes H.E., 1980. Genera of the Bivalvia: a systematic and bibliographic catalogue (revised 
and update). Paleontological Research Institution, Ithaca, Edwards Brothers Inc., 307 pp. 


ILLUSTRAZIONI 


Le illustrazioni devono essere di alta qualità, in formato elettronico (.tiff), con una 
risoluzione non più bassa di 300 dpi per le fotografie e di 600 dpi per i disegni ed i grafici. 
Vanno preparate alle esatte dimensioni di stampa, in formato colonna singola (8,4 cm) e 
colonna doppia (17,2 cm). L'area di stampa massima è 17,2 x 26,5 cm. La dimensione delle 
illustrazioni va scelta con attenzione e buon senso, sulla base della complessità e quantità 
delle immagini contenute, al fine di ovviare a risultati scientificamente poco utili ed 
esteticamente poveri, oltre allo spreco di spazio di stampa. 

Tutte le illustrazioni sono numerate progressivamente, in un'unica serie, con numeri arabi, nello 
stesso ordine in cui sono citate nel testo. Nelle illustrazioni composite, le singole immagini 
vanno indicate con lettere maiuscole, di altezza pari a 3-5 mm, usando un carattere sans-serif, 
quale Helvetica od Arial. Indicazioni ed abbreviazioni sulle illustrazioni vanno in minuscolo. 
Le illustrazioni vanno citate nel testo come figure, usando le abbreviazioni Fig. e Figg. 
come nell'esempio: Fig. 3, Fig. 6. A-F, Fig. 5. A, 7. B, Figg. 3, 5. Le illustrazioni in altri — 
lavori vanno citati come fig. o figg. 

Le immagini, montate su fondo nero o bianco, devono avere dimensioni adeguate ad 
un'agevole lettura, non più piccole di 4-5 cm, né eccessivamente grandi. Devono essere 
appropriatamente disposte nello spazio disponibile, in modo da evitare ampie aree vuote. 
Lineette di scala, nere o bianche, possono essere applicate sulle illustrazioni. 

Le mappe vanno preparate come figure al tratto, semplici e prive di elementi grafici non 
utili ai fini del lavoro (es.: confini di stato), con le località citate nel testo ben evidenti. 
Le illustrazioni vanno tenute separate dal testo. La pubblicazione di illustrazioni a colori 
deve essere preliminarmente accordata con il Direttore Scientifico. Gli originali delle 
illustrazioni vanno spediti solo dopo l'accettazione definitiva del manoscritto. 


TABELLE 


Le tabelle vanno composte come files di testo, esattamente alla dimensione di stampa (si 
veda Illustrazioni), con un carattere sans-serif non più piccolo di 8-9 punti. Vanno evitati 
bordi spessi e griglie eccessivamente pesanti. Le tabelle sono citate nel testo come Tab. 
(es.: Tab. 2, Tabb. 3-6). Le abbreviazioni vanno spiegate in didascalia o nei Materiale e 
metodi. Le tabelle non vanno inserite nel testo, ma salvati come files separati. 


DIDASCALIE 


Le didascalie vengono riportate in una parte distinta del manoscritto, raggruppate ed in 
sequenza. Devono comprendere: nome ed autore della specie illustrata, origine del 
materiale, dimensioni reali (non l'ingrandimento!) e la collocazione (con numero di 
catalogo, se disponibile). Per i manoscritti in una lingua diversa dall'Inglese, è necessario 
aggiungere la traduzione in Inglese delle didascalie. 


BOZZE ED ESTRATTI 


La pubblicazione sul Bollettino Malacologico è gratuita. All'Autore verranno inviate le 
bozze, un'unica volta, via e-mail. Sulle bozze verranno corretti gli errori tipografici e di 
altro tipo. Cambiamenti più importanti verranno addebitati all'Autore. Le bozze corrette 
vanno restituite nel più breve tempo possibile. 

Gli Autori riceveranno gratuitamente una versione elettronica (pdf) dell'articolo. A 
richiesta, possono essere acquistati estratti secondo il listino fornito dal tipografo. 
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